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AN  ACT  TO  PROVIDE  FOR  THE  PUBLICATION  OF  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SCIENCE. 

[Approved  March  11,  1895.] 

Whereas,  The  Indiana  Academy  of  Science,  a  chartered  scientific 
association,  has  embodied  in  its  constitution  a  provision  that  it  will,  upon 

the  request  of  the  Governor,  or  of  the  several  departments 
of  the  State  government,  through  the  Governor,  and  through 
its  council  as  an  advisory  body,  assist  in  the  direction  and  execution  of 
any  investigation  within  its  province,  without  pecuniary  gain  to  the  Acad- 
emy, provided  only  that  the  necessary  expenses  of  such  investigation  are 
borne  by  the  State;    and, 

Whkbeas,  The  reijorts  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  preserved  in  permanent  form;   and 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the  Gen- 
eral Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific  and 
a^icultural  improvement;    therefore. 

Section  1.  Be  it  enacted  by  the  Qeneral  Assctnbly  of  the  State  of 
Indiana,  That  hereafter  the  annual  reports  of  the  meetings  of  the  Indiana 

Academy  of  Science,  beginning  with  the  report  for  the  year 
the  Reports  of  1894,  including  all  papers  of  scientific  or  economic  value, 
Aoademjof       presented   at   such   meetings,   after   they   shall   have   been 

edited  and  prepared  for  publlcaticHi  as  hereinafter  pro- 
vided shall  be  published  by  and  under  the  direction  of  the  Commissioners 
of  Public  Printing  and  Binding. 

Sec.  2.  Said  reports  shall  be  edited  and  prepared  for  publication  with- 
out expense  to  the  State,  by  a  corps  of  editors  to  be  selected  and  appointed 

by  the  Indiana  Academy  of  Science,  who  shall  not,  by  reason 

Bditiiig  of  such  service,  have  any  claim  against  the  State  for  com- 

Koporu. 

pensation.  The  form,  style  of  binding,  paper,  typography 
and  manner  and  extent  of  illustration  of  such  reports  shall  be  determined 

by  the  editors,  subject  to  the  approval  of  the  Commissioners 

Printed  *  of  Public  Printing  and  Stationery,    Not  less  than  1,500  nor 

Repoitf  • 

more  than  3,000  copies  of  each  of  said  reports  shall  be 

published,  the  size  of  the  edition  within  said  limits  to  be  determined  by 
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the  c?oncurrent  action  of  the  editors  and  the  Commissioners  of  Public 
Printing  and  Stationery:  Provid^^d,  That  not  to  exceed  six  hundred  dol- 
lars  ($600)  shall  be  exi)ended  for  such  publication  in  any 

Proviso, 
one  year,  and  not  to  extend  beyond  1896:    Provided,  That 

no  sums  shall  be  deemed  to  be  appropriated  for  the  year  1894. 

Sec.  3.  All  except  three  hundred  copies  of  each  volume  of  said  re- 
ports shall  be  placed  in  the  custody  of  the  State  Librarian,  who  shall 
furnish  one  copy  thereof  to  each  public  library  in  the  State, 

one  copy  to  each  university,  college  or  normal  school  in  the  Dlsjpotitloii 

of  Reports. 

State,  one  copy  to  each  high  school  In  the  State  having  a 
library,  which  shall  make  application  therefor,  and  one  copy  to  such 
other  institutions,  societies  or  persons  as  may  be  designated  by  the  Acad- 
emy through  Its  editors  or  its  council.  The  remaining  three  hundred 
copies  shall  be  turned  over  to  the  Academy  to  be  disposed  of  as  It  may 
determine.  In  order  to  provide  for  the  preservation  of  the  same  It  shall 
be  the  duty  of  the  Custodian  of  the  State  House  to  provide  and  place  at 
the  disposal  of  the  Academy  one  of  the  unoccupied  rooms  of  the  State 
House,  to  be  designated  as  the  office  of  the  Indiana  Academy  of  Science, 
wherein  said  copies  of  said  rei)orts  belonging  to  the  Academy,  together 
with  the  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely  kept, 
and  he  shall  also  equip  the  same  with  the  necessary  shelving  and  furniture. 

Sec.  4.    An  emergency  Is  hereby  declared  to  exist  for 
the  Immedate  taking  effect  of  this  act,  and  It  shall  there-       morgenoj. 
fore  take  effect  and  be  In  force  from  and  after  its  passage. 


APPROPRIATION  FOR  1910-1911. 

The  appropriation  for  the  publication  of  the  proceedings  of  the 
Academy  during  the  years  1910  and  1911  was  Increased  by  the  legisla- 
ture in  the  General  Appropriation  bill,  approved  March  9,  1909.  That 
portion  of  the  law  fixing  the  amount  of  the  appropriation  for  the  Acad- 
emy is  herewith  given  In  full : 

For  the  Academy  of  Science:    For  the  printing  of  the 
proceedings  of   the   Indiana   Academy   of   Science,   twelve   Soienoo— 
hundred  dollars :    Provided,  That  any  unexpended  balance       '"  *'' 
In  1909  shall  be  available  In  1910,  and  that  any  unexpended  balance  In 
1910  shall  be  available  In  1911. 


AN  ACT  FOR  THE   PROTECTION   OF   BIRDS,  THEIR  NESTS  AND 

EGGS. 

Sec.  602.  Whoever  kflls,  traps  or  has  in  his  possession  any  wild  bird, 
or  whoever  sells  or  offers  the  same  for  sale,  or  whoever  destroys  the  nest 
or  eggs  of  any  wild  bird,  shall  be  deemed  guilty  of  a  misdemeanor  and 
apon  conviction  thereof  shall  be  fined  not  less  than  ten  dollars  nor  more 
than  twenty-five  dollars:  Provided,  That  the  provisions  of  this  section 
shall  not  apply  to  the  following  named  game  birds:  The  Anatidae,  com- 
monly called  swans,  geese,  brant,  river  and  sea  duck;  the  Rallidae,  com- 
monly called  rails,  coots,  mud-hens,  gallinules;  the  Limicolae,  commonly 
called  shore  birds,  surf  birds,  plover,  snipe,  woodcock,  sandpipers,  tattlers 
and  curlew;  the  Gallinae,  commonly  called  wild  turkeys,  grouse,  prairie 
chickens,  quails  and  pheasants;  nor  to  English  or  European  house  spar- 
rows, crows,  hawks  or  other  birds  of  prey.  Nor  shall  this  section  apply 
to  persons  taking  birds,  their  nests  or  eggs,  for  scientific  puriwses,  under 
permit,  as  provided  In  the  next  section. 

Sec.  603.  Permits  may  be  granted  by  the  Commissioner  of  Fisheries 
and  Game  to  any  properly  accredited  person,  permitting  the  holder  thereof 
to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  purposes.  In 
order  to  obtain  such  permit  the  applicant  for  the  same  must  present  to 
such  Commissioner  written  testimonials  from  two  well-known  scientific 
men  certifying  to  the  good  character  and  fitness  of  such  applicant  to  be 
entrusted  with  such  privilege,  and  pay  to  such  Commissioner  one  dollar 
therefor  and  file  with  him  a  properly  executed  bond  in  the  sum  of  two 
hundred  dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will 
obey  the  terms  of  such  permit,  and  signed  by  at  least  two  responsible 
citizens  of  the  state  as  sureties.  The  bond  may  be  forfeited,  and  the  per- 
mit revoked  upon  proof  to  the  satisfaction  of  such  Commissioner  that  the 
bolder  of  such  permit  has  killed  any  bird  or  taken  the  nest  or  eggs  of  any 
bird  for  any  other  purpose  than  that  named  In  this  section. 
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CONSTITUTION. 


ARTICLE  I. 

Section  1.  This  association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science, 
to  promote  intercourse  between  men  engaged  in  scientific  work,  especially 
in  Indiana;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State ;  to  arrange  and  prepare  for  publication  such  reports  of  inves- 
tigation and  discussions  as  may  further  the  aims  and  objects  of  the  Acad- 
emy as  set  forth  in  these  articles. 

Whereas,  The  State  has  undertaken  the  publication  of  such  proceed- 
ings, the  Academy  will,  upon  request  of  the  Governor,  or  of  one  of  the  sev- 
eral departments  of  the  State,  through  the  Governor,  act  through  its  coun- 
cil as  an  advisory  body  in  the  direction  and  execution  of  any  investigation 
within  its  province  as  stated.  The  necessary  expenses  incurred  in  the  pros- 
ecution of  such  investigation  are  to  be  borne  by  the  State;  no  pecuniary 
gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of  such  inves- 
tigation. 

The  regular  proceedings  of  the  Academy  as  published  by  the  State 
shall  become  a  public  document 

ARTICLE  II. 

Section  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  person  engaged  in  any  department  of  scientific  work,  or 
in  original  research  in  any  department  of  science,  shall  be  eligible  to  active 
membership.  Active  members  may  be  annual  or  life  members.  Annual 
members  may  be  elected  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  pay  an  admission  fee  of  two  dollars  and  thereafter  an 
annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time  contribute 
fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
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the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing 
classes  shall  be  referred  to  a  conmaittee  on  application  for  membership, 
who  shall  consider  such  application  and  report  to  the  Academy  before  the 
electicHi. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognized  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination  for 
election  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  members  so  nominated  a  number  not  exceed- 
ing five  in  one  year  may,  on  recommendation  of  the  Executive  Committee, 
be  elected  as  fellows.  At  the  naeeting  at  which  this  is  adopted,  the  mem- 
bers of  the  Executive  Committee  for  1894  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  meml)ers  shall  become  honorary  fellows. 
Honorary  fellows  may  be  elected  on  account  of  special  prominence  in 
science,  on  the  written  recommendation  of  two  members  of  the  Academy. 
In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to  their 
respective  offices  and  in  addition,  with  the  ex-Presidents  of  the  Academy, 
shall  constitute  an  Executive  Committee.  The  President  shall,  at  each  an- 
nual meeting,  appoint  two  members  to  be  a  committee,  which  shall  prepare 
the  programs  and  have  charge  of  the  arrangements  for  all  meetings  for 
one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Execu- 
tive Conunlttee.  Other  meetings  may  be  called  at  the  discretion  of  the 
Executive  Committee.  The  past  Presidents,  together  with  the  officers  and 
Executive  Committee,  shall  constitute  the  council  of  the  academy,  and 


15 

represent  It  in  the  transaction  of  any  necessary  business  not  especially  pro- 
vided for  in  this  constitution,  in  the  interim  between  general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  meml)ers  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  its  presentation. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  r^;)orts  shall  include  a  brief  sum- 
mary of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proper  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  he  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

0.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  memiDers  shall  constitute  a  quorum  for  the  transaction  of 
businesa 
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MEMBERS. 


FELLOWS. 


tG.  A.  Abbott *1908 Fargo,  N.  D. 

R.  J.  Aley 1898 Indianapolis. 

J.  C.  Arthur 1894 Lafayette. 

J.  W.  Beede 1906 Bloomington. 

George  W.  Benton 1896 Indianapolis. 

A.  J.  Bigney 1897 Moores  Hill. 

Katherine  Golden  Bitting 1896 Lafayette. 

W.  S.  Blatchley 1893 Indianapolis. 

Donaldson  Bodine 1899 Crawfordsville. 

H.  L.  Bniner 1899 Indianapolis. 

Severance  Burrage 1898 Lafayette. 

A.  W.  Butler 1893 Indianapolis. 

W.  A.  Cogshall 1906 Bloomington. 

tMel.  T.  Cook 1902 Newark,  Del. 

tJohn  M.  Coulter 1893 Chicago,  m. 

Stanley  Coulter 1893 Lafayette. 

U.  O.  Cox 1908 Terre  Haute. 

Glenn  Ctdbertson 1899 Hanover. 

E.  R.  Cumings 1906 Bloomington. 

S.  C.  Davisson 1908 Bloomington. 

D.  W.  Dennis 1895 Richmond. , 

C.  R.  Dryer 1897 Terre  Haute. 

C.  H.  Eigenmann 1893 Bloomington. 

Percy  Norton  Evans 1901 West  Lafayette. 

A.  L.  Foley 1897 Bloomington. 

M.  J.  Golden 1899 Lafayette. 

tW.  F.  M.  Goss 1893 Urbana,  HI. 

Thomas  Gray  (Died  Dec.  19, 1908) 1893 Terre  Haute. 

A.  S.  Hathaway 1895 Terre  Haute. 

W.  K.  Hatt 1902 Lafayette. 

Robert  Hessler 1899 Logansport. 

*Date  of  election. 
tNon-resident. 
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tH.  A,  Huston ♦1893 Baltimore,  Md. 

Edwin  S.  Johonnatt  1904 Terre  Haute. 

Robert  E.  Lyons 1896 Bloomington. 

W.  A,  McBeth 1904 Terre  Haute. 

V.  F.  Marsters 1893 Santiago,  Chili. 

C.  L.  Mees 1894 Terre  Haute. 

tJ.  A.  Miller 1904 Swarthmore,  Pa. 

W.  J.  Moenkhaus 1901 Bloomington. 

D.  M.  Mottier 1893 Bloomington. 

J.  P.  Naylor 1903 Greencastle. 

tW.  A.  Noyes 1893 Urbana,  111. 

Rolla  R.  Ramsey 1906 Bloomington. 

J.  H.  Ransom 1902 Lafayette. 

L.  J.  Rettger 1896 Terre  Haute. 

David  Rothrock 1906 Bloomington. 

J.  T.  Scovell 1894. .  j Terre  Haute. 

Albert  Smith 1908 Lafayette. 

tAlex  Sm  th 1893 Chicago,  HI. 

W.  E.  Stone 1893 Lafayette. 

tJoeeph  Swain 1898 Swarthmore,  Pa. 

M.  B.  Thomas 1893 Crawfordsville. 

tC.  A.  Waldo 1893 St.  Louis,  Mo. 

tF.  M.  Webster 1894 Washington,  D.C. 

Jacob  Westlund 1904 Lafayette. 

tH.  W.  Wiley 1895 Washington,  D..C. 

W.  W.  WooUen 1908 Indianapolis. 

John  S.  Wright 1894 Indianapolis. 

*Date  of  election. 
fNon-resident. 


NON-RESIDENT  MEMBERS, 

George  H.  Ashley Washington,  D.  C. 

J.  C.  Branner Stanford  University,  Cal. 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,  Cal. 

H.  W.  Oark Washington,  D.  C. 

H.  B.  Domer Urbana,  111. 

A.  Wilmer  Duflf Worcester,  Mass. 

[2-28008] 
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B.  W.  Everman Washington,  D.  C. 

W.  A.  Fiske Los  Angeles,  Cal. 

C.  W.  Garrett Pi  tsburg,  Pa. 

Charle   H.  Gilbert Stanford  University,  Gal. 

C.  W.  Greene Golumbia,  Mo. 

C.  W.  Haigitt Syracuse,  N.  Y. 

O.  P.  Hay Washington,  D.  C. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  Univeraity,  Cal. 

C.  T.  Knipp Urbana,  Dl. 

D.  S.  Jordan Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  MacDougal Tucson,  Arizona. 

L.  B.  McMuUen VaUey  City,  N.  D. 

T.  C.  Mendenhall Worcester,  Mass. 

J.  F.  Newsom Stanford  University,  Cal. 

A.  H.  Purdue Fayetteville,  Ark. 

A.  B.  Reagan Orr,  Minn. 

J.  R.  Slonaker Stanford  University,  Cal. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder  (Deceased) Washington,  D.  C. 

Ernest  Walker Fayetteville,  Ark. 

G.  W.  Wilson Fayette,  la. 


ACTIVE  MEMBERS. 

C.  E.  Agnew Delphi. 

L.  E.  Allison West  Lafayette. 

H.  W.  Anderson Ladoga. 

Paul  Anderson Crawfordsville. 

H.  F.  Bain San  Francisco,  Cal, 

Walter  D.  Baker ^ Indianapolis. 

Walter  M.  Baker Red  Key. 

Edward  Hugh  Bangs Indianapolis. 

Howard  J.  Banker Greencastle . 

H.  E.  Barnard •. Indianapolis, 

W.  H.  Bates West  Lafayette. 

Guido  Bell Indianapolis. 
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Lee  F.  Bennett Valparaiso. 

Thomas  Billings West  Lafayette. 

Harry  Eldridge  Bishop Indianapolis. 

Lester  Black . . . . , Bloomington. 

William  N.  Blanchard Greencast'e . 

Charies  S.  Bond Richmond . 

A.  A.  Bourke Edinburg. 

Omer  C.  Boyer Lebanon. 

H.  C.  Brandon Bloomington. 

Fred  J.  Breeze Lafayette. 

Chas.  Brossmann Indianapolis. 

£.  M.  Br  ce Terre  Haute. 

Wm.  R.  Butler Indianapolis. 

Edward  N.  Canis Indianapolis. 

E.  Kate  Carman Indianapolis. 

Lewis  Clinton  Carson Detroit,  Mich. 

Herman  S.  Chamberlain  (Deceased) Indianapolis. 

E.  J.  Chansler Bicknell. 

A.  G.  W.  Childs Kokomo. 

C.  D.  Christie Cincinnati,  O. 

J.  H.  Clark ConnersvUle. 

Otto  O.  Clayton Portland. 

H.  M.  Clem MonroeviUe. 

Charles  Qickner Silverwood,  R.  D.  No.  1 . 

Charles  A.  Coffey Petersburg. 

William  Clifford  Cox Columbus. 

J.  A.  Cragwall Crawfordsville. 

M.  E.  Crowell Franklin. 

Chas.  M.  Cunningham Indianapolis. 

Lorenso  E.  Daniels Laporte. 

E.  H.  Davis West  Lafayette. 

Melvin  K.  Davis Terre  Haute. 

Charles  C.  Deam Indianapolis. 

E.  M.  Deem Frankfort. 

Harry  F.  Dietz Indianapolis. 

James  P.  Dimonds Indianapolis. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracue. 
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Hans  Duden Indianapolis . 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

M.  L.  Durbin Anderson. 

J.  B.  Dutcher Philadelphia,  Penn. 

Samuel  E.  Earp Indianapolis. 

A.  A.  Eberly Nowata,  Okla. 

C.  R.  Eckler Indianapolis. 

Max  Mapes  Ellis Vincennes. 

H.  E.  Enders West  Lafayette. 

Samuel  G.  Evans Evansville. 

William  P.  Felver Logansport. 

C.  J.  Fink Crawfordsville. 

M.  L.  Fisher West  Lafayette. 

A.  S.  Fraley Linden. 

Austin  Funk Jefferson ville. 

John  D.  Gabel North  Madison. 

Andrew  W.  Gamble Logansport. 

H.  O.  Garman Indianapolis. 

J.  B.  Gamer Crawfordsville. 

Florence  A.  Gates Wabash . 

Robert  G.  Gillum Terre  Haute. 

E.  R.  Glenn Brookville . 

Frederic  W.  Gottlieb Morristown. 

Vernon  Gould Rochester. 

Frank  Cook  Greene New  Albany. 

Earl  Grimes Russellv.lle. 

Walter  L.  Hahn Springfield,  S.  D. 

C.  F.  Harding West  Lafayette. 

Mary  T.  Harman State  College,  Pa. 

Walter  W.  Hart Indianapolis. 

Victor  Hendricks St.  Louis,  Mo. 

L.  R.  Hessler Crawfordsville. 

John  P.  Hetherington Logansport. 

C.  E.  Hiatt Phaadelphia,  Pa. 

John  E.  Higdon Indianapolis. 

Frank  R.  Higgins Terre  Haute. 

S.  Bella  Hilands Madison. 
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John  J.  Hildebrandt Logansport. 

Geo.  N.  Hoffer Lafayette. 

G.  E.  Hoffman Logansport. 

Allen  D.  Hole Richmond . 

Lucius  M.  Hubbard South  Bend. 

Martha  Himt Indianapolis . 

0.  F.  Hunziker West  Lafayette. 

John  N.  Hurty Indianapolis. 

Roscoe  R.  Hyde Terre  Haute. 

J.  Isenberger Lebanon. 

C.  F.  Jackson Durham,  N.  H. 

A.  G.  Johnson Lafayette. 

H.  E.  Johnson Greenfield. 

A.  T.  Jones West  Lafayette. 

W.  J.  Jones,  Jr West  Lafayette. 

0.  L.  Kelso Terre  Haute. 

A.  M.  Kenyon West  Lafayette. 

Frank  D.  Kern Lafayette. 

L.  V.  Ludy West  Lafayette. 

R.  W.  McBride Indianapolis. 

Richard  C.  McClaskey 

T.  S.  McCulloch Oawfordsville. 

N.  E.  Mclndoo 

Edward  G.  Mahin West  Lafayette. 

James  E.  Manchester Minneapolis,  Minn . 

Wilfred  H.  Manwaring Bloomington. 

William  Edgar  Mason Borden. 

Clark  Mick Indianapolis. 

A.  R.  Middleton West  Lafayette. 

G.  Rudolph  Miller Indianapolis. 

F.  A.  Miller Indianapolis. 

Chas.  R.  Moore West  Lafayette. 

Geo.  T.  Moore St.  Louis,  Mo. 

Richard  Bishop  Moore -ndianapolis. 

Frank  K.  Mowrer Marion. 

F.  W.  Muncie Crawfordsville. 

Fred  Mutchler Terre  Haute. 

Leslie  C.  Nanney Bedford . 
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Charles  E.  Newlin Indianapolis. 

J.  A.  Nieuwland Notre  Dame. 

G.  A,  Osner Crawfordsville. 

D.  A.  Owen Franklin. 

Everett  W.  Owen Indianapolis. 

Ferman  L.  Pickett Bloomington. 

Rollo  J.  Pierce Richmond . 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

W.  H.  Rankin Ithaca,  N.  Y. 

C.  A.  Reddick Crawfordsville. 

C.  J.  Reilly Syracuse. 

Allen  J.  Reynolds 

George  L.  Roberts Lafayette. 

J.  Schramm Crawfordsville. 

E.  A.  Schultze Laurel. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Brazil. 

Fred  Sillery Indianapolis. 

Oscar  W.  Silvey W.  Lafayette. 

C.  Piper  Smith Logan,  Utah. 

Essie  Alma  Smith  Shannon Bloomington. 

E.  R.  Smith Indianapolis. 

Geo.  Spitzer Lafayette. 

Brenton  L.  Steele Pullman,  Wash. 

Chas.  Stoltz South  Bend. 

J.  M.  Stoddard 

Milo  H.  Stuart Indianapolis. 

Julius  W.  Sturmer Lafayette. 

J.  C.  Taylor Logansport. 

Albert  W.  Thompson Owensville. 

A.  D.  Thorburn Indianapolis. 

Iro  C.  Trueblood  (Miss  ) r Greencastle . 

W.  P.  Turner West  Lafayette. 

Chas.  A.  Vallance Indianapolis . 

J.  M.  Van  Hook Bloomington. 

W.  B.  Van  Gorder Lyons. 

H.  S.  Voorhees Ft.  Wayne. 
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Frank  B.  Wade Indianapolis. 

Luther  C.  Weeks West  Lafayette. 

Mason  L.  Weems Valparaiso. 

Daniel  T.  Weir Indianapolis. 

James  E.  Weyant Indianapolis. 

Virges  Wheeler Montmorenci. 

A.  E.  White Connersville. 

Alfred  T.  Wiancko Lafayette. 

William  L.  Woodbum Bloomington. 

John  W.  Woodhams Indianapolis. 

Herbert  Milton  Woollen Indianapolis. 

J.  F.  Woolsey Qeveland,  O. 

G.  A.  Yoimg West  Lafayette. 

Jacob  P.  Young Huntington. 

L.  E.  Yoimg West  Lafayette. 

W.  J.  Young Washmgton,  D.  C. 

Lucy  Youse Terre  Haute. 

W.  A.  Zehring West  Lafayette. 

Charles  Zeleny Urbana,  111. 

Fellows,  resident 46 

Non-resident v 12 

Members,  active 183 

Members,  non-resident 30 

Total 271 
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THOMAS  GRAY. 


Dr.  Thomas  Gray,  a  member  of  the  iDdiana  Academy  of  Science  since 
1888,  was  President  in  ia*)7-8,  died  in  Terre  Haute,  Ind.,  December  19, 
1908. 

He  was  bom  In  I.»ochgelly,  Scotland,  February  4,  1850,  received  his 
early  education  in  the  schools  of  the  district  and,  after  serving  an 
apprenticeship  in  handicraft,  entered  the  University  of  Glasgow,  gradu- 
ating from  the  Mechanical  Engineering  course,  with  high  honors,  in  1874. 
After  graduation  he  became  Research  Assistant  to  Lord  Kelvin  (Sir  Will- 
iam Thompson).  His  work  lay  especially  in  the  direction  of  absolute 
measurements  in  electricity  and  magnetism,  electrical  and  heat  c<Miductiv- 
ity  of  glasses  of  various  compositions  and  the  variation  in  conductivity 
of  metals  under  stress.  In  1878  he  became  Professor  of  Telegraph  Engi- 
neering in  the  University  of  Tokio,  Japan.  While  there  he  became  in- 
terested in  earthquake  phenomena  and  invented  several  seismographs  and 
investigated  the  elastic  constants  of  many  rocks.  In  1881  he  returned  to 
Scotland,  becoming  Lord  Kelvin's  personal  assistant,  undertaking  investi- 
gations in  connection  with  practical  problems  in  electricity  then  coming 
to  the  front.  He  developed  and  investigated  methods  for  electrolytic 
measurements  of  electric  currents  and  largely  designed  the  well  known 
Kelvin  balances.  He  was  Lord  Kelvin's  and  Flemming  Jenkins*  repre- 
sentative as  engineer  for  the  Commercial  Cable  Companies  and  super- 
vised the  laying  of  the  Bennett-Mackay  transatlantic  cables.  In  1888  he 
came  to  Terre  Haute,  Ind.,  as  professor  of  dynamic  engineering  In  the 
Rose  Polytechnic  Institute,  which  position  he  held  until  his  death.  His 
investigational  work  was  now  mainly  of  an  engineering  character,  too 
well  known  to  recount.  He  was  the  author  of  several  important  works, 
the  best  known  perhaps  being  the  Smithsonian  Physical  Tables.  The 
articles  in  the  Encyclopedia  Brittanica  on  telegraphs  and  telephones  were 
from  his  pen.  He  also  edited  the  definitions  in  electricity  and  magnetism 
for  the  Century  Dictionary.  He  was  the  author  of  about  sixty  papers  on 
scientific  subjects,  communicated  to  engineering  societies  and  scientific 
journals.     He  was  a  member  of  most  of  the  American  scientific  and  engi- 
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neering  societies  and  held  high  offices  in  a  number  of  them.  His  interest 
in  the  worlc  of  the  Indiana  Academy  of  Science  made  him  a  faithful  and 
regular  attendant  at  most  of  its  meetings.  On  the  roll  of  American  and 
European  scientists,  his  name  stands  high,  and  his  contribution  to  science, 
as  well  as  his  work  in  the  educational  field  while  in  this  country,  has  been 
of  the  highest  order. 

Be  it  Resolved,  That  the  Indiana  Academy  of  Science  recognize  the 
services  of  Dr.  Thomas  Gray  as  investigator,  experimentalist,  teacher,  and 
loyal  supporter  of  the  Academy  by  placing  these  resolutions  and  a  sketch 
of  his  life  upon  the  minutes  of  this  meeting  and  print  them  in  the  volume 
of  Proceedings. 

The  Committee:    C.    L.    MEES. 

A.  W.  BUTLER. 
G.  W.  BENTON. 

Adopted  by  the  Indiana  Academy  of  Science,  in  session  in  Indianapolis, 
Nov.  27,  1909. 
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W.  H.  RAGAN. 


W.  II.  Uaguu,  for  many  years  eoimei^ted  with  the  United  States  De- 
partment of  Agriculture,  and  who  recently  died,  was  one  of  the  charter 
members  of  the  Indiana  Academy  of  Science.  He  was  one  of  that  com- 
pany, of  which  a  number  of  members  are  here  today,  who  were  present  at 
the  first  meeting.  At  that  time  he  was  a  memt)er  of  the  faculty  of 
DePauw  Vniversity.  He  has  had  a  deep  interest  In  the  progress  of  science, 
and  especially  in  its  application  to  horticulture,  to  which  line  of  usefulness 
his  life  was  devoted. 

We  make  a  tribute  herewith  to  his  memory. 

The  Committee:    C.    L.    MEES. 

A.  W.  BLTLER. 
G.  W.  BENTON. 
Adopted  by  the  Indiana  Academy  of  Science,  in  session  In  Indianapolis, 
Nov.  27,  1909. 
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TWENTY-FIFTH  ANNUAL  MEETING 

INDIANA  ACADEMY  OF  SCIENCE 

OLATPOOL  HOTEL,   INDIANAPOLIS,    IND. 
November  25,  26  and  27,  1909 


Officers  and  Ex-Offlcio  Executive  Committee 

A.  L.  Foley,  President  A.  J.  Bioney,  Assistant  Secretary 

P.  N.  Evans,  Vice-President  G.  A.  Abbott,  Press  Secretary 

J.  H.  Ransom,  Secretary  W.  A.  McBeth,  Treasurer 

Glenn  Culbebtson  Stanley  Coulteb 

David  Mottieb  Amos  W.  Butleb 

Robert  Hessleb  W.  A.  Noybs 

John  S.  Weight  M.  B.  Thomas 

Ck  L.  Mees  J.  C.  Abthub 

W.  S.  Blatchley  O.  p.  Hay 

H.  W.  Wiley  T.  C.  Mendenhall 

D.  W.  Dennis      .  John  O.  Bbanneb 

0.  H.  EioENMANN  J.  P.  D.  John 

O.  A.  Waldo  John  M.  Ck>ULTEB 

Thomas  Gbay  David  Stabb  Jobdan 

The  meetings  of  the  Indiana  Academy  of  Science  Thursday  evening, 
November  25th;  Friday,  November  26th,  morning  and  afternoon;  Satur- 
day, November  27th,  morning;  and  the  informal  dinner  Thursday  night, 
the  luncheon  Friday  noon  and  the  banquet  Friday  night,  will  be  at  the 
Claypool  Hotel. 

The  rates  quoted  by  the  management  are  $2.00  per  day  and  upward 
cm  the  European  plan  and  $4.00  per  day  and  upward  on  the  American  plan. 
Where  two  or  more  persons  occupy  a  room,  the  rates  are  $1.50  and  upward 
per  day,  European  plan,  and  $3.50  and  upward  per  day,  American  plan. 
Hotel  reservation  and  reservations  for  the  banquet  should  be  made  at  once. 

A  stereoptlcon  will  be  provided. 

Committee  on  25th  Meeting 

Amos  W.  Butleb,  Chairman 

M.  B.  Thomas  C.  L.  Mees  H.  L.  Bbuneb 

W.  E.  Stone  W.  J.  Moenkhaus  J.  P.  Naylob 
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Local  Committee 
Geobob  W.  Benton  John  S.  Wright  John  W.  Woodhams 

OUTLINE  OF  GENERAL  PROGRAM 

Thursday,  "November  25 

4 :00  p.  m.    Meeting  of  the  Executive  Committee 
6 :30  p.  m.     Informal  dinner 
8 :00  p.  m.    Opening  session 
Business 

Address— "By  Paclvtraln  to  the  Tiptop  of  the  United  States 
in  Quest  of  the  Golden  Trout,"  B.  W.  Evermann,  U.  S. 
Bureau  of  Fisheries,  Washington  D.  O. 

Friday  November  26 

9 :00  a.  m.    Business 

President's  Address — "Recent  Progress  in  Physics,"  Dr.  A.  L. 

Foley,  Bloomington 
Address — "Recent  Progress  in  Chemistry,"  Dr.  H.  W.  Wiley, 
Chief  of  the  Bureau  of  Chemistry,  U.  S.  Department  of 
Agriculture,  Washington,  D.  C. 
Address — "Recent  Progress  in  Botany,"  Dr.  John  M.  Coulter, 

Department  of  Botany,  Chicago  University 
Greetings  from  other  societies 
12:00  noon    Informal  luncheon 

2:00  p.m.    Address— "Darwin  Fifty  Years  After,"  Dr.  David  Starr  Jor- 
dan,   President   Leland   Stanfard   Jr.   University,    Presi- 
dent   American    Association    for    the    Advancement    of 
Science 
3 :00  p.  m.    Section  meetings 

The  Academy  will  meet  in  sections.    A  few  papers,  preferably 
those  of  historical  character,  will  be  read 
8 :00  p.  m.    Banquet — D.  W.  Dennis,  Toastmaster 

Saturday,  November  27 

9 :00  a.  m.    Business 

Address — "Methods  and  Materials  Used  in  Soli  Testing,"  H.  A. 

Huston,  Chicago 
Address — "Federal    Control   of   International    and   Interstate 

Waters,"  B.  W.  Evermann,  U.  S.  Bureau  of  Fisheries 
Address — "The  Speed  of  Migration  of  Salmon  in  the  Columbia 

River,"  Charles  W.  Greene,  University  of  Missouri 
Address — "Some  Hoosier  and  Academy  Experiences,"   C.   A. 

Waldo,  Washington  University,  St;  Louis,  Mo. 
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Suggestions:    Plans  for  the  Academy — 
John  S.  Wright  W.  E.  Stone 

Stanley  Coulter  C.  Leo  Mees 

H.  E.  Barnard  W.  A.  Cogshall 

PAPERS  TO  BE  READ 

Unless  otherwise  stated,  papers  will  be  understood  to  be  limited  to 
fifteen  minutes.  The  first  circular  of  the  Committee  stated :  "These  papers 
will  be  presented,  and  while  probably  few  of  them  will  be  read  at  the 
meeting,  they  will  be  printed  in  the  Proceedings." 

General 

Thought  Stimulation,   Under  What  Conditions  Does   It  Occur?     10 
minutes  Robert  Hessler 

Does  Blood  Tell?  William  B.  Streeter  Greensboro,  N.  O. 

Hygiene  of  Indoor  Swimming  Pools,  with  Suggestions  for  Practical 
Disinfection.    25  minutes Severance  Burrage 

Indiana  Problems  in  Sewage  Disposal.    10  minutes R.  L.  Sac^ett 

Defective  Elementary  Science William  N.  Helney 

Some  Hoosier  and  Academy  Experiences 

C.  A.  Waldo,  Washington  University 

Darwin  Fifty  Tears  After 

David  Starr  Jordan,  President  Leland  Stanford  Jr.  University 

'nie  Zia  Mesa  and  Ruins Albert  B.  Reagan 

That  Erroneous  Hiawatha Albert  B.  Reagan 

The  Medicinal  Value  of  Eupatorium  Perfol  latum A.  J.  Bigney 

Chemistry 

Methods  and  Materials  Used  in  Soil  Testing.    25  minutes 

H.  A.  Huston,  Chicago,  111. 
The  Discovery  of  the  Composition  of  Water  (illustrated) 

W.  A.  Noyes,  University  of  Illinois 

Molecular  Rearrangements  of  Derivatives  of  Camphor W.  A.  Noyes 

Use  of  Refractometer  in  Dry  Substance  Estimation 

A.  Hugh  Bryan,  U.  S.  Bureau  of  Chemistry 
Conductivity  and  Ionization  of  Solutions  of  Certain  Salts  in  Ethyl 

Amine.     10  minutes  E.  G.  Mahin 

Recent  Progress  in  Chemistry. 

H.  W.  Wiley,  Chief  of  the  Bureau  of  Chemistry,  U.  S.  Depart- 
ment of  Agriculture 

EHectric  Osmose.    15  minutes Harry  N.  Holmes 

A  Study  of  the  Chemical  Composition  of  Butter  Fat 

O.  F.  Hunzilcer  and  Greorge  Spitzer 
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On  a  New  Complex  Cyanogen  Compound A.  R.  Middletcm 

The  Determination  of  ESndothermlc  Gases  by  Combustion. . .  A.  R.  Middleton 

Mathematics 

Methods  In  Solid  Analytics.    15  minutes Arthur  S.  Hathaway 

Motiim  of  n  Bodies.    20  minutes Arthur  S.  Hathaway 

Discussion  of  the  Regular  Inscribed  Pentagon.    5  minutes. .  .John  O.  Gregg 
If  the  Bisectors  of  Two  Angles  of  a  Triangle  are  Equal,  Those  Angles 
are  Ekiual.    5  minutes John  C.  Gregg 

Physics 

Direct  Reading  Accelerometers.    20  minutes C.  R.  Moore 

Recent  Work  in  Wood  Physics.    10  minutes W.  K.  Hatt 

Expansion  of  Paying  Blocks.    10  minutes W.  K.  Hatt 

Notes  on  the  Strength  of  Concrete  Building  Blocks.    10  minutes 

H.  H.  SchoAeld 

Slip  of  Riveted  Joints,    10  minutes  Albert  Smith 

Polarization  of  Cadmium  Cells Rolla  R.  Ramsey 

Investigation  of  a  Point  Discharge  in  a  Magnetic  Field Oscar  W.  Silvey 

The  Tenacity  of  Gelatine  Arthur  L.  Foley 

Objections  to  LaPlace's  Theory  of  Capillarity Arthur  L.  Foley 

Cohesion    of   Water    as    Modified    by    Certain    Dissolved    Salts.     10 
minutes    Edwin   Morrison 

Geology  and  Geography, 

Some  Features  of  Delta  Formation.    15  minutes Charles  R.  Dryer 

A  Physiographic  Survey  of  an  Area  Near  Terre  Haute,  Ind.    25  min- 
utes   Charles  R.  Dryer,  Melvin  K.  Davis 

The  Collecting  Area  of  the  Waters  of  the  Hot  Springs  of  Hot  Springs, 

Ark.    15  minutes A.  H.  Purdue,  University  of  Arkansas 

The  Geographical   and  Geological   Distribution   of  Some   Pleistocene 

Mammals O.  P.  Hay,  U.  S.  National  Museum 

On  the  Restoraticm  of  Skeletons  of  Fossil  Vertebrates O.  P.  Hay 

Where  Do  the  Lance  Creek  ("Ceratops")  Beds  Belong,  in  the  Cretace- 
ous or  Tertiary? Oliver  P.  Hay 

Paleontology  and  the  Recapitulation  Theory.    50  minutes E.  R.  Cumings 

The  Tippecanoe,  an  Infantile  Drainage  System.    10  minutes. .  W.  A.  McBeth 
Observations  on  Cyclones  and  Anti-Cyclones  of  North  Temperate  Lati- 
tudes.   10  minutes W.  A.  McBeth 

Zoology, 

A   Paired   Entoplastron    In   Trionyx   and   Its   Significance.     15   min- 
utes   Henry  H.  I^ane,  Oklahoma  State  University 
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Physiological  ExplanatioD  of  the  Psycho-Physical  Law  of  Weber.    15 

minutes  Guido  Bell 

On  the  Nature  and  Source  of  Thrombin.     12  minutes L.  J.  Rettger 

Federal  Control  of  International  and  Interstate  Waters 

B.  W.  Evermann,  U.  S.  Bureau  of  Fisheries 
By  Packtrain  to  the  Tiptop  of  the  United  States  in  Quest  of  the  Golden 

Trout   (illustrated)    B.  W.  Evermann 

Hie  History  of  Zoology  In  Indiana.    15  minutes C.  H.  Eigenmann 

An  Analytic  Study  of  the  Faunal  Changes  In  Indiana.    25  minutes 

Walter  L.  Hahn,  South  Dakota  State  Normal  School 
Some  Notes  on  Parasites  Found  in  Frogs  In  the  Vicinity  of  St  Paul, 

Minn.    20  minutes H.  L.  Osbom,  Hamlin  University 

The  Mocking  Bird  About  Moores  Hill,  Indiana A.  J.  Blgney 

Cross-Fertilization  Among  Fishes W.  J.  Moenkhaus 

Observations  on  Woodpeckers.    5  minutes John  T.  Campbell 

Paroxysmal  Hsemoglobinuria.     10  minutes Oliver  P.  Terry 

The  Evolution  of  Insect  Galls  as   Illustrated  by  the  (2enus  Amphi- 

bolips Mel  T.  Cook,  Delaware  College 

The  Speed  of  Migration  of  Salmon  In  the  Columbia  River 

Charles  W.  Greene,  University  of  Missouri 
Observations  on  Cerebral  Localization 

J.  Rollin  Slonaker,  Leiand  Stanford  Jr.  University 
The  Nasal  Muscles  of  Vertebrates H.  L.  Bruner 

Botany. 

Physiological  Apparatus Frank  M.  Andrews 

Some  Monstrosities  in  Plants Frank  M.  Andrews 

A  List  of  Algae  Frank  M.  Andrews 

Re- Vegetation  of  the  Salton  Basin  (illustrated) 

D.  T.  MacDougal,  Director  Desert  Laboratory,  Tucson,  Ariz. 

Forest  Ck>nditions  in  Indiana.    15  minutes Stanley  Coulter 

Additi<ms  to  Indiana  Flora,  Number  4.    3  minutes Charles  C.  Deam 

The  Development  of  the  Reproductive  Organs  of  Chara  fragilis.     20 

minutes George  N.  Hoffer 

Right  and  Wrong  Conceptions  of  Plant  Rusts J.  C.  Arthur 

The  Effect  of  Preservatives  on  the  Development  of  Penicillium.     10 

minutes  Katherine  Golden  Bitting 

Recent  Progress  in  Botany John  M.  Coulter,  Chicago  University 

Further  Notes  on  Timothy  Rust Frank  D.  Kern 

Editorial  Notice. 

All  members  of  the  Academy  will  doubtless  be  ready  to  assist  in  any 
efforts  put  forth  having  In  view  correct  and  early  publication  of  the  Pro- 
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ceedings.     To  this  end   the  following  conditions  of  publication   are  an- 
nounced by  the  editor: 

1.  All  papers  to  be  Included  In  the  report  of  1909  must  be  In  the 
hands  of  the  editor  not  later  than  December  15,  1909. 

2.  All  papers  should  be  typewritten  as  far  as  the  nature  of  the  sub- 
ject will  allow. 

3.  All  tracings  and  maps  should  be  drawn  to  correspond  with  the 
size  of  the  page  of  the  Proceedings,  and  must  come  within  the  following 
limits:  4^x7.  If  necessary,  it  may  be  made  to  cover  two  pages,  or  meas- 
ure 8^x11. 

4.  Authors  are  esi)eclally  requested  to  carefully  mark  and  number 
all  illustrations  and  to  carefuly  indicate  in  the  MSS.  the  exact  location  of 
such  illustrations. 

5.  To  secure  proper  representation  of  mathematical  work,  authors 
are  particularly  cautioned  to  send  in  carefully  traced  figures  on  separate 
paper. 

6.  The  limits  of  the  appropriation  require  that  all  illustrations  shall 
be  in  one  color,  and  either  photographs  or  etchings.  As  a  consequence, 
all  illustrations  must  be  in  blade  and  white. 
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Resolution  Providing  for  the  Celebration  of  the 
Twenty-fifth  Anniversary  of  the  Indiana 

Academy  of   Science. 


Rcsolvid,  That  in  view  of  the  fact  that  the  next  meeting  will  be  the 
Twenty-fifth  Annual  Meeting  of  this  Academy,  a  special  effort  be  made 
at  that  time  to  celebrate  the  quarter  centennial  of  its  organization. 

That  a  committee  of  seven  be  apiwinted  to  have  charge  of  the  pro- 
gram and  all  necessary  arrangements  for  such  meeting. 

That  the  time  and  place  of  the  next  meeting  be  left  to  said  committee. 

That  an  eflfort  be  made  to  have  present  all  the  living  ex-presidents 
and  all  of  the  living  charter  members  of  the  Academy.  Also  that  all  the 
universities,  colleges  and  other  educational  institutions  of  the  State,  all 
scientific  organizations,  including  the  State  Medical  Society,  Indiana  En- 
gineering Society,  Indiana  Section  of  the  American  Chemical  Society, 
State  Science  Teachers'  Association,  and  all  individuals  interested  in 
scientific  work  and  the  press  of  the  State  be  cordially  invited  to  co-operate 
to  make  this  a  successful  meeting  and  memorable  occasion. 

Adopted  November  28,  1908. 


[8—28008] 
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The  Beginning  of  the  Indiana  Academy  of  Science. 


By  Amos  W.  Butler. 


In  my  early  years  the  lack  of  association  with  persons  who  were  in- 
terested in  scientific  pusuits  and  of  opportunity  to  refer  to  books  on 
scientific  subjects  was  greatly  felt.  I  planned  to  interest  several  persons 
in  establishing  a  local  society  which  would  bring  kindred  spirits  together. 
This  resulted  in  the  organization  of  the  Brookville  Society  of  Natural 
History  in  1881.  That  year,  for  the  first  time,  I  attended  the  meeting  of 
the  American  Association  for  the  Advancement  of  Science  at  Cincinnati. 
There  I  had  the  pleasure  of  meeting  many  persons  of  whom  I  had  only 
known  by  reading.  This  was  the  beginning  of  many  acquaintances  that 
have  been  permanent,  helpful  and  inspiring.  In  my  efforts  to  study  local 
natural  history  I  found  it  difficult  to  obtain  information  from  students  in 
other  parts  of  the  State.  In  talking  with  others  I  found  they  had  had  the 
same  difficulty.  In  the  winter  of  1883-1884,  the  need  of  a  State  organiza- 
tion was  strongly  Impressed  upon  me.  Correspondence  was  begun  with 
a  number  of  persons  whose  names  were  prominent  in  scientific  work  of 
the  State,  and  the  majority  of  them  favored  such  an  organization.  Among 
these  were  Dr.  David  Starr  Jordan,  Dr.  J.  P.  D.  John,  Professors  John 
M.  Coulter,  Stanley  Coulter,  Philip  S.  Baker,  Daniel  Kirkwood,  Richard 
Owen  and  Oliver  P.  Jenkins.  There  were  others  who  discouraged  it. 
The  subject  was  fresh  in  mind  at  the  time  of  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science  at  Ann  Arbor  In  1884.  There 
opportunity  was  given  to  talk  the  subject  over,  and  for  the  first  time  I 
met  Dr.  Joha  C.  Branner,  who  had  just  been  appointed  professor  of 
geology  at  Indiana  University,  and  he  strongly  urged  the  formation  of 
such  a  society.  Finally  it  was  decided  to  call  a  meeting  to  organize  an 
Indiana  Society.  The  Brookville  Society  of  Natural  History,  as  the  most 
active  organization  of  its  kind  in  the  State,  was  asked  to  take  the  initia- 
tive and  call  the  first  meeting.  Accordingly  that  society  appointed  a  com- 
mittee for  that  purpose,  consisting  of  Rev.  David  R.  Moore,  its  president, 
Dr.  S.  P.  Stoddard  and  Amos  W.  Butler.  The  meeting  was  called  for 
Indianapolis  on  December  29,  1885.  The  plan  was  to  have  a  series  of 
papers  on  the  status  of  different  branches  of  science  in  Indiana.  The 
meeting  was  held  in  the  Marion  County  court  house.  The  program  in- 
cluded the  following  papers: 
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"Meteorology"    Wm.   H.  Ragan 

"Progress  in  the  Study  of  Mammalogy  In  Indiana" Ekigar  R.  Quick 

"Sketch  of  the  Work  Accomplished  for  Natural  and  Physlcial  Science 

in    Indiana" Richard   Owen 

"Sketch  of  C.  S.  Rafinesque" D.  S.  Jordan 

"Work  Done  in  Icthyology  in  Indiana" D.  S.  Jordan 

"Work  Done  in  Botany  in  Indiana" John  M.  Coulter 

"Work  Done  in  Physics  in  Indiana" J.  P.  Naylor 

"Work  Done  in  Study  of  the  Lower  Invertebrates" O.  P.  Jenkins 

"Present  Condition  of  the  Study  of  Indiana  Herpetology" O.  P.  Hay 

"The  Study  of  Entomology  in  Indiana" P.  S.  Baker 

"The  Present  Knowledge  of  Indiana  Mineralogy" Maurice  Thompson 

"Work  Done  for  Geology  in  Indiana" Ryland  T.  Brown 

"Chemistry"   R.  B.  Warder 

"The  Present  Condition  of  Indiana  Conchology" David  R.  Moore 

"Indiana  Statistics" J.  B.  Conner 

"The  Past  and  Present  of  Indiana  Ornithology" Amos  W.  Butler 

"Geography"  J.  T.  Scovell 

"Astronomy"   David  Kirkwood 

(Of  these  only  Richard  Owen  and  David  Kirkwood  were  absent,  and 
their  papers  were  read  by  others.) 

Dr.  J.  P.  D.  John  was  chosen  president  pro  tem.  There  were  about 
forty  persons  present,  representing  most  of  the  educational  institutions 
of  the  State,  and  Including  most  of  the  scientific  workers.  Dr.  David 
Starr  Jordan  was  chosen  first  president  and  Amos  W.  Butler  the  first  sec- 
retary. A  constitution  and  by-laws  were  adopted.  Since  that  time  regular 
annual  meetings  have  been  held.  All  but  one,  which  was  held  at  Lafay- 
ette, have  been  held  in  Indianapolis,  and  until  recently  spring  meetings 
at  different  points  In  the  State.  The  first  one  of  these  was  appropriately 
held  at  Brookvllle  May  20-22,  188(J. 

The  following  persons  are  menti(>ne<l  in  minutes  of  December  29,  1885, 
as  being  present  and  taking  part  In  the  meeting : 

J.  P.  D.  John,  Greencastle.  J.  P.  Naylor,  Bloomlngton. 

A.  W.  Butler,  Brookvllle.  O.  P.  Hay,  Irvlngton. 

O.  P.  Jenkins,  Greencastle.  *P.  8.  Baker,  Greencastle. 

J.  C.  Bramier,  Bloomlngton.  *Maurice    Thompson,    Crawfords- 

S.  P.  Stoddard,  M.D.,  Brookvllle.  ville. 

*W.  H.  Ragan,  Greencastle.  J.  B.  Conner,  Indianapolis. 

E.   R.   Quick,  Brookvllle.  ♦T.  B.  Redding.  New  Castle. 

D.  R.  Moore,  Brookvllle.  *Ryland   T.   Brown,   Indianapolis. 

D.  S.  Jordan,  Bloomlngton.  *R.  B.  Warder.  Lafayette. 

J.  M.  Coulter,  Crawfordsvillo.  J.  T.  Scovell,  Terre  Haute. 


^Deceased. 
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The  following  persons*  names  appear  on  the  treasurer's  book  for  that 
meeting,  and  they  were  probably  present: 


D.  W.  Dennis,  Richmond. 
♦Joseph   Moore,   Richmond. 
Stanley  CJoulter,  Terre  Haute. 

B.  W.  Evermann,  Bloomington. 
S.  E.  Meek,  Bloomington. 

C.  H.  Eigenmann,  Bloomington. 
♦J.  L.  Campbell,  Crawfordsville. 

D.  A.  Owen,  Franklin. 

C.  R.  Dryer,  Fort  Wayne. 

A.  J.  Phinney,  M.  D.,  Muncie. 


C.  A.  Waldo,  Terre  Haute. 

C.  W.  Hargitt,  Moores  Hill. 
*W.   P.   Shannon,  Greensburg. 
♦T.    J.    McAvoy,    Indianapolis. 

L.   D.    Waterman,    M.    D.,    Indi- 
anapolis. 

John  Ilurty,  M.  D.,  Indianapolis. 

F.  M.  Webster,  Lafayette. 
*F.   Stein,    Indianapolis. 


*Deeeafed. 

Of  about  forty  persons  in  attendance  upon  the  first  meeting,  twelve 
are  present  at  this  meeting. 
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GREETINGS  FROM  INDIANA  ASSOCIATIONS. 


FROM  THE   INDIANA   STATE   TEACHERS*   ASSOCIATION. 


By  Geo.  W.  Benton. 


Mr.  President  and  Members  of  the  Academy:  In  the  absence  of  Dr. 
Robert  J.  Aley,  State  Superintendent,  and  president-elect  of  the  Indiana 
State  Teachei*8'  Association,  it  has  devolved  upon  me  and  is  my  great 
privilege  as  retiring  president  to  extend  to  you  the  greetings  of  the  teach- 
ers of  tlie  State,  and  to  congratulate  you  upon  the  completion  of  the  series 
of  notable  meetings  culminating  in  this  anniversary. 

It  is  i)eculiarly  fitting  that  we  do  this  in  view  of  the  imiwrtance  of 
each  of  these  societies,  and  of  the  part  which  each  has  had,  and  is  destined 
to  continue  to  i)erform  In  the  life  history  of  the  State  of  Indiana. 

The  State  Teachers'  Association  last  Deceml)er  passed  Its  fifty-fifth 
milestone,  and  in  its  uninterrupted  history  of  fifty-four  years  has  marked 
the  successive  stages  of  educational  progress  in  the  State,  and  has  had  an 
incTeasing  influence  in  establishing  standards  and  in  directing  the  current 
of  educational  thought.  Many  of  its  ofllcers  and  members  have  become 
prominent  in  the  educational  work  of  the  State  and  nation,  and  many  of 
theui  have  enjoyed  the  privilege  and  honor  of  membership  and  active 
IMirticipation  In  the  affairs  of  the  Academy. 

Xo  less  prominent  in  its  own  sphere,  through  the  years  of  its  activity, 
we  recognize  the  importance  of  the  great  work  which  the  Academy  has 
done  for  the  State  and  for  the  nation.  In  the  spreading  of  scientific  knowl- 
edge, in  the  encouragement  of  research,  and  in  the  inspiration  of  the 
younger  generation  of  science  teachers  to  greater  effort  and  Increased 
eflaciency.  We  see  in  the  Academy  the  most  powerful  agency  In  the  solu- 
tion of  the  great  problem  of  fitting  the  highest  development  of  scientific 
thought  Into  the  general  scheme  of  education  for  all  the  i>eople;  and  we 
confidently  look  forward  to  the  achievements  of  the  coming  years  of  the 
Academy,  believing  that  Its  services  to  the  State  and  to  education  will  coi)- 
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tinue  to  receive  that  recoguition  which  it  has  so  richly  deserved  in  the 
past,  and  which  we  now  so  inadequately  express. 

The  teachers  of  Indiana  would  consider  me  lacking  in  truth  and 
courtesy,  I  am  sure,  should  I  fall  to  give  expression  to  the  deep  pleasure 
and  pride  which  we  feel  in  the  great  history  of  the  Academy,  and  in  the 
exceptional  capacity  for  usefulness  with  which  It  is  so  richly  and  gener- 
ously endowed. 

We  greet  you,  and  we  bid  you  Godspeed ! 


FROM  THE    INDIANA   Ml!:i>I(\VL   ASSOCIATION. 


By  Db.  S.  E.  Barp. 


Mr.  Chairman :  It  surely  Is  a  pleasure  as  well  as  an  honor  to  Ik*  chosen 
to  appear  before  you  for  the  Indiana  Medical  Association.  I  am  the  cus- 
todian of  the  good-will  and  hearty  congratulations  of  the  Indiana  State 
Meillcal  Association,  but  It  is  not  the  casket  that  assumes  any  importance; 
it  is  the  jewel  I  bring  you.  Now,  when  we  extend  our  greetings  we  desire 
that  they  shall  have  a  cultured  application  and  not  a  provincial  one.  Per- 
haps an  explanation  Is  In  order. 

One  of  your  splendid  members.  Prof.  Stanley  Coulter,  recently  deliv- 
ered an  address  before  The  Young  Physicians'  Club,  of  which  I  am  a  mem- 
ber— and  I  am  a  member  by  virtue  of  the  fact  that  all  physicians  are 
young,  but  some  are  younger  than  others — and  Prof.  Coulter  In  his  ad- 
dress said  that  culture  Is  an  instinctive  appreciation  of  the  very  best,  and 
that  provincialism  is  narrotoneas,  the  antithesis  of  culture.  And  that 
whenever  he  had  come  In  contact  with  a  provincial ist  he  had  two  Im- 
pulses, first  to  laugh  at  him,  and  second  to  kill  him.  He  had  done  the 
first,  but  so  far  he  had  been  able  to  control  himself  and  not  do  the  second. 

So  we  appreciate  that  everything  concerning  you  Is  the  very  best,  and 
that  it  is  the  very  best  who  can  appreciate  the  l>est  in  you. 

The  Indiana  State  Medical  Association  has  passed  Its  golden  anni- 
versary by  ten  years.  It  has  2,690  members-  in  good  standing,  and  yet 
there  are  not  more  than  twenty-five  who  are  members  of  this  splendid  body 
of  yours.    There  ought  to  be  more.    There  are  men  who  are  authorities  in 
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their  line  who  should  through  this  channel  help  themselves,  help  the  asso- 
ciation, help  you  and  help  the  public  by  contributing  what  they  possess. 
We  must  learn  that,  taking  all  the  departments  of  science,  **in  union  there 
is  strength." 

Another  important  factor  is  this:  For  a  time  in  scientific  medicine, 
on  account  of  the  number  of  medical  institutions  in  this  State,  the  in- 
terests were  varied ;  but  during  the  i^ast  year,  for  the  first  time  in  forty 
years,  there  has  not  only  been  an  amalgamation  of  scientific  medical  in- 
terests, but  there  is  complete  unity.  And  now  with  the  medical  college  we 
have  here  that  is  under  the  control  of  one  of  your  best  ITulversltles,  Indi- 
ana University,  with  its  opi>ortunities  and  facilities,  we  take  it  you  will 
soon  hear  us  rapping  at  your  door,  and  we  trust  that  the  latch-strlng  will 
l>e  out. 

We  fully  appreciate,  as  we  congratulate  you  and  bring  our  greetings, 
all  that  you  have  done  and  are  doing  for  scientific  medicine,  and  that  it 
is  valuable  beyond  i)rice.  Again  I  say,  as  I  bring  you  our  greetings,  that 
we  (-imgratulate  you  most  heartily. 


FKOM  THE  INDIANA  HISTOKICAL   SOCIETY. 


By  J.  P.  Dunn. 


I  have  been  delegated  by  the  Indiana  Historical  StK'iety  to  extend  Its 
greetings  to  the  Academy  of  Science.  This  is  therefore  an  historic  greet- 
ing; just  what  a  scientific  greeting  should  be,  I  am  not  quite  certain.  In 
the  good  old  days  that  Dr.  Coulter  told  about,  I  should  think  the  proper 
thing  was,  "Have  something  with  me,"  but  in  the  course  of  the  great 
progress  that  has  been  made  in  tlie  last  twenty  years  in  the  Pure  Food 
Department,  I  do  not  know  whellier  tliat  would  be  safe.  I  judge  that 
.scientific  people  believe  all  the  awful  revelations  that  have  been  made, 
and  that  they  are  all  on  the  water-wagon  now. 

There  is  one  thing  in  which  I  think  this  society  and  the  other  learneil 
societies  of  the  State  should  t)e  at  a  unit.  We  have  a  centennial  in  191(». 
I'here  has  been  some  talk  of  having  an  exposition,  but  everybtnly  knows 
that  the  recent  expositions  have  In^en  failures,  and  it  would  be  a  failure 
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In  Indiana.  But  it  has  been  suggested  ttiat  instead  of  tills  we  erect  a 
permanent  memorial  building  devoted  primarily  to  the  preservation  of 
the  history  of  Indiana.  This  is  being  done  now  through  the  State  librarian 
and  the  State  museum,  but  we  have  not  room  enough.  Mr.  Blatchley  has 
not  room  enough  to  do  his  work,  and  I  understand  valuable  gifts  have  had 
to  be  refused  on  account  of  lack  of  room  in  that  museum.  There  is  also 
scientific  work  l)eing  handled  In  the  State  House  by  Dr.  Hurty  and  Dr. 
Barnard,  and  we  really  need  a  building  of  this  sort.  These  things  ought 
to  have  ample  quarters.  I  would  like  to  see  that  centennial  of  191G  cele- 
brated by  an  ample  building  In  which  a  museum  and  library  could  be 
housed,  in  which  there  would  be  room  for  laboratories  and  other  work  of 
tlie  State,  room  for  the  Academy  of  Science,  room  for  the  Historical  So- 
ciety and  all  these  other  bodies. 

I  trust  you  will  take  that  matter  into  consideration  as  you  go  out 
from  here.  Keep  it  in  mind,  and  when  you  talk  to  your  Uepresentatives 
and  Senators  and  iieople  who  have  iutiuenc*e  in  the  Legislature,  lay  it 
before  them,  and  thus  help  In  a  work  which  I  believe  is  of  very  great  im- 
|K)rtance  to  the  State  of  Indiana,  both  scientifically  and  historically.  (Ap- 
plause.) 


FROM  THE  INDIANA  BRANCH  OF  THE  AMERICAN  CHEMICAL 

SOCIETY. 


By  Prof.  R.  B.  Moore. 


Mr.  President:  As  representative  of  the  Indiana  branch  of  the  Amer- 
ican Chemical  Society  I  extend  congratulations  to  the  Academy  upon  its 
twenty-fifth  anniversary.  It  Is  needless  to  argue  the  use  of  such  a  society 
in  the  State.  It  does  a  work  which  none  of  the  national  societies  can  do, 
and  it  Is  needless  also  to  state  that  this  work  has  been  done  well.  Con- 
gratulations are  especially  in  order,  to  those  men  who  founded  the  Academy 
and  have  borne  the  burden  of  the  work  since  that  time. 

I  am  also  glad  to  see  that  the  social  life  of  the  society  is  receiving 
sufficient  attention  at  this  meeting.  We  have  little  opportunity  to  get  to- 
gether during  the  year;  it  is  all  the  more  Important  therefore  that  the 
social  side  of  our  meeting  should  be  emphasized. 

The  Indiana  branch  of  the  American  Chemical  Society  extends  to  you 
congratulations  and  greetings.     (Applause.) 
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PROM  THE   STATE   PHYSICS  TEACHERS'  ASSOCIATION. 


By  Pbof.  J.  P.  Naylor. 


Mr.  President  and  Members  of  the  Academy:  I  stand  In  the  rather 
unfortunate  position  of  belonging  to  the  Committee  of  Arrangements  for 
this  meeting,  and  also  representing  one  of  the  other  societies.  But  I  assure 
you  that  I  did  not  malie  the  assignment.  The  fact  is  I  was  simply  held 
responsible  for  the  presentation  of  the  greetings  of  the  State  Physics 
Teachers'  Association  and  tried  to  get  a  good  man  who  could  present  the 
greeting  in  better  words  than  I,  although  not  In  better  spirit,  I  am  sure. 

As  I  loolc  around  over  the  faces  of  those  present  I  see  many  members 
of  the  Physics  Teachers'  Association  who  are  also  members  of  the  Acad- 
emy, and  It  may  occur  to  someone  to  ask  why  the  Physics  Teachers'  Asso- 
ciation should  exist  at  all.  The  work  in  any  science  is  many  sided,  and 
there  are  some  things  that  can  be  done  in  the  Indiana  Academy  and  some 
things  that  can  not  be  done.  We,  the  physics  teachers  of  the  State,  need 
to  get  together  and  compare  notes.  We  want  to  know  what  the  otlier  man 
'  is  doing  and  how  he  does  it.  This  sort  of  work  can  not  well  be  done  by 
the  Academy,  for  its  province  is  rather  along  the  line  of  Investigation,  and 
besides  Its  program  is  always  crowded;  therefore  the  State  Physics 
Teachers'  Association. 

Our  association  is,  however,  a  sort  of  offspring  of  the  Academy,  and 
we  look  to  It  as  the  mother  society.  And  as  good  children  we  come  back 
at  this  time  with  our  congratulations  and  hearty  greetings,  and  hope  for 
the  Academy  that  the  next  two  and  a  half  decades  may  be  even  better  than 
the  past  has  been.  We  do  not  come  like  the  Orientals,  wishing  that  her 
shadow  may  never  grow  less  but  that  her  bright  light  may  be  ever  en- 
larged, and  that  she  may  go  on  to  larger  accomplishments  In  the  future. 
I  bring  you  greetings.     (Applause.) 
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FKOM   INDIANA    SOCIETY   OB^   EXCJINEEUS. 


By  Chas.  Brossmann. 


Mr.  President  and  Gentlemen:  I  feel  that  Is  is  an  honor  to  address 
your  meeting,  and  am  glad  to  speak  a  few  words  of  greeting  on  behalf  of 
the  Indiana  Engineering  Society. 

On  your  program  I  notice  the  names  of  more  than  one  engineer  and 
subjects  relating  to  engineering  work.  I  feel  that  the  scientist  and 
engineer  need  no  Introduction,  for  they  have  ever  worked  either  together 
or  in  sequence  for  the  betterment  of  man  and  civilization. 

On  the  vital  questions  relating  to  the  physical  development  of  our 
vast  Industrial  system  the  scientist  has  made  the  work  of  the  engineer 
t>ossible. 

The  first  step  belongs  to  your  work.  You  took  the  initiative  and  ad- 
vanced radical  though  perhaps  unappreciated  theories,  labored  for  yeai*s 
to  prove  them,  and  had  to  work  and  keep  the  courage  of  your  convictions 
to  establish  your  ix)int  beyond  question. 

Your  reward  has  not  usually  come  from  a  grateful  public,  but  you 
have  the  reward  of  a  greater  knowledge. 

I  wish  to  mention  one  or  two  pai>ers  on  your  program,  one  "A  List  of 
Alga?."  A  list  of  algffi  means  nothing  to  a  conununity,  but  when  an  entire 
water  system  becomes  clogged  with  Crenothrix,  they  cry  for  the  scientist 
to  find  the  remedy. 

The  subject,  "The  Problem  of  Sewage  Disposal,"  does  not  api)eal  to  a 
city  until  the  stench  Is  apparent,  then  succor  from  scientist  and  engineer 
is  needed. 

Most  of  the  pai>ers  to  be  read,  touch  upon  the  betterment  of  the  human 
race,  the  conservation  of  its  health,  and  the  country's  resources. 

Today  Dr.  Von  Lendenfeld  investigates  the  organs  of  flight  of  the  best 
flyers  of  the  Insect  orders,  T>epidoptera,  Ilymenoptera  and  Diptera.  The 
public  hears  and  smiles. 

Tomorrow  the  Wrights  fly  for  hours  in  the  upper  air.  The  public  sees 
and  gasps  in  wonder  and  amazement. 

And  so  the  scientist  needs  be  the  silent  man.  Carlyle  says:  "The 
nobje  silent  men — scattered   here  and  there — each   in   his  department — 
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silently  thinking — silently  working,  whom  no  morning  newspaiier  makes 
mention  of — they  are  the  salt  of  the  earth.  A  country  that  has  none,  or 
few  of  them,  is  in  a  had  way." 

I  am  glad  we  have  many  in  this  country,  and  that  this  State  is  so 
well  represented  in  the  "silent  men" — although  perhaps  they  will  not  be 
so  silent  in  the  ensuing  two  days. 

Gentlemen,  I  am  pleased  and  honored  in  extending  to  you  the  greeting 
and  good  wishes  of  a  brother  society  which  appreciates  its  debt  to  science. 
The  Indiana  Society  of  Engineers  greets  you  and  wishes  you  a  successful 
meeting.  •  i 


FROM    THE    INDIANA    ASSOCIATION    OF    SCIENCE    AND    MATHE- 
MATICS TEACHERS. 


By  W.  W.  Habt. 


Mr.  Chairman:  As  I  have  sat  here  listening  to  the  expressions  of 
jO'eetlng  on  this  occasion,  I  had  the  great  pleasure  of  hearing  the  other 
gentlemen  say  the  things  I  expected  to  say. 

I  feel  that  it  is  especially  proper  that  our  society  should  join  with 
the  other  organizations  today  in  expressing  their  interest  in  your  Academy. 
In  some  respects,  while  not  a  child  of  the  Academy,  as  is  the  Physics 
Teachers'  Association,  yet  we  might  call  ourselves  a  younger  brother. 
Our  interests  are  somewhat  similar.  We  are  interested  in  the  sciences 
and  mathematics,  and  I  think  that  on  that  account  we  can  appreciate 
better  than  others,  possibly,  the  feeling  of  need  which  led  to  the  organi- 
zation of  the  Indiana  Academy  of  Science  twenty-five  years  ago.  We  are 
all  of  us  working  in  a  field  in  which  we  must  look  for  sympathy,  for  en- 
couragement, for  inspiration,  not  to  the  public  at  large,  because  they  fre- 
quently misunderstand  us,  but  to  our  colleagues  and  fellow-workers. 
That,  as  I  understand  it,  was  one  of  the  reasons  for  the  organization  of 
this  society. 

Also  many  of  our  number  are  directly  indebted  to  some  of  you  for 
the  instruction  and  inspiration  that  led  them  to  take  up  their  life  work. 
And  we  are  all  indebted  to  you  for  the  standing  you  have  given  to  scien- 
tific pursuits  in  the  country  at  large. 
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So  I  bring  to  you  today  the  most  hearty  congratulations  upon  your 
past  history,  and  upon  the  glorious  achievements  of  some  of  your  num- 
ber, and  say  that  we  wish  you  abundant  success  for  the  future.  (Ap- 
plause.) 


FROM  THE  INDIANA  AUDUBON   SOCIETY. 


By  William  Watson  Woollen. 


•  Mr.  President,  I>adies  and  Gentlemen:  The  first  Audubcm  Society 
was  organized  in  New  Yorlc  in  1886.  Its  purpose  was  "the  protection  of 
American  birds,  not  used  for  food,  from  destruction  for  mercantile  pur- 
IK)se8.*'  In  1889  It  seemed  to  have  accomplished  the  purpose  for  which  It 
was  organized  and  the  movement  died  out. 

A  subsequent  revival  of  the  demand  for  birds  for  millinery  purposes 
led  to  a  re-awakening  of  sentiment  on  the  subject,  and  In  January,  1806. 
a  State  Audubcm  Society  was  organized  in  Massachusetts  and  in  October 
of  the  same  year  one  was  organized  in  Pennsylvania.  Such  societies  now 
exist  in  all  of  the  states,  exc^t  perhaps  a  half  dozen,  the  object  of  their 
organization  being  the  preservation  of  our  birds  which  were  fast  l)elng 
exterminated.  It  was  thought  that  the  i)eople  must  be  educated  as  to  the 
worth  of  our  birds,  and  these  societies  entered  upon  that  wortc. 

In  April,  1898,  principally  through  the  instrumentality  of  the  Indiana 
Academy  of  Science,  the  Indiana  Audubon  Society  was  organized.  I  have 
in  my  ofllce  the  minutes  of  that  meeting,  at  which  I  was  present  In 
looking  over  the  minutes  of  that  meeting  I  find  the  society  was  mainly 
constituted  of  members  of  this  Association. 

The  work  which  has  been  accomplished  by  the  Audubon  Societies  of 
the  country  has  been  Immense.  I  am  not  sure  that  I  know  of  any  other 
organization  which,  with  as  little  money,  has  accomplished  so  much  good. 
Its  work  for  good  has  l)een  of  such  a  character  as  to  attract  the  atten- 
tion of  the  people  of  the  country  and  especially  the  Department  of  Agri- 
culture at  Washington.  Tlie  annual  reports  of  that  department  have 
taken  account  of  these  societies  and  commended  them  for  the  work  which 
they  have  accomplished.     You  all  must  be  aware  of  the  legislation  that 
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has  been  brought  about  through  the  influence  of  these  societies,  and  es- 
pecially the  Lacey  act  passed  by  Congress  for  the  protection  and  preser- 
vation of  our  birds. 

I  am  glad  to  say  that  there  is  not  a  State  in  the  Union  which  does 
not  have  its  laws  for  the  protection  of  our  birds.  In  this  State  we  have 
not  lagged.  We  have  placed  upon  our  statute  l)ooks  the  ideal  law  for 
that  purpose,  originally  suggested  by  the  American  Ornithological 
Association. 

Now,  ladies  and  gentlemen,  allow  me  to  suggest  in  conclusion,  that 
the  membership  roll  of  our  Audubon  Society  contains  but  few  names  of 
the  members  of  this  association.  We  have  a  membership  of  about  one 
hundred  and  fifty.  Our  first  annual  meetings  imder  the  provision  of  the 
constitution  were  held  at  Indianapolis.  We  learned,  to  our  regret,  how- 
ever, that  in  this  great  and  beautiful  city  there  were  very  few  people 
who  were  interested  In  this  work.  We  changed  our  constitution.  Since 
then  we  have  gone  to  Franklin,  Richmond,  Shelbyvllle,  Fort  Wayne,  and 
New  Castle,  where  we  have  been  received  most  cordially,  and  we  hope  we 
have  done  good. 

Now,  we  bring  our  greetings  to  you,  with  the  hope  for  future  success, 
and  that  you  will  renew  your  love  for  this,  one  of  your  offspring.  I  have 
looked  over  the  program  arranged  for  this  the  twenty-fifth  annual  meet- 
ing of  the  Academy  with  its  sixty-nine  numbers  and  the  additional  num- 
bers which  Mr.  Butler  has  read,  and  I  find  there  are  but  two  num- 
bers which  have  any  reference  to  our  birds.  These  are  No.  45,  "The 
Mocking  Bird  in  Indiana,"  and  No.  47,  "Observations  in  Woodpeckers." 
Now,  ladles  and  gentlemen,  to  my  way  of  thinking,  this  is  not  as  it  should 
be.  I  believe  these  other  things  which  you  have  been  writing  and  talking 
about  are  imi>ortant,  but  of  all  of  them  the  one  particular  thing  which  is 
of  the  greatest  interest  and  value  is  the  preservation  of  our  birds.  With- 
out them  you  will  have  no  occasion  to  talk  about  botany  or  any  of  the 
other  things  about  which  you  have  been  writing  and  talking.  It  is  the 
birds  of  our  country  to  which  we  must  look  for  its  salvation.  I  thank  you 
for  the  opportunity  to  say  a  word  for  them. 
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John  S.  Wright:  Mr.  Chairman,  the  committee  made  arrangements 
for  several  i)ersons  to  speali  of  the  plans  for  the  Academy,  with  reference 
to  future  eximnslon  and  development.  Now,  most  of  the  points  that  I 
had  in  mind  have  been  covered  very  adequately  by  the  speeches  which 
have  been  made  at  different  times  during  the  meetings,  particularly  last 
night  by  Dr.  John  M.  Coulter  with  reference  to  the  social  side  of  the  Acad- 
emy, making  the  members  better  acquainted  with  each  other.  I  feel  sure 
that  the  program  committee  will  endeavor  in  planning  the  next  meeting  to 
emphasize  the  s<K*ial  aspect  more  and  more.  Possibly  a  smoker  will  sen'e 
very  well  to  this  end.  I  do  not  sujipose  we  would  attempt  a  banquet  of 
as  large  proiwrtions  as  the  one  we  had  last  night,  as  that  would  entail 
too  much  effort. 

I  believe  the  Academy  will  do  well  to  enlist  the  interest  of  men  who 
are  in  industrial  lines.  There  are  witliin  this  State  at  the  present  time 
a  great  many  men  who  are  in  industrial  lines.  Mr.  Bros.smann,  who  rep- 
resents the  Engineerinvf  S<K*iety,  referriHl  particularly  yesterday  morn- 
ing to  tlie  interest  that  engineers  and  chemists  have  in  scientific  work, 
and  that  their  work  rests  upon  developments  along  the  lines  of  science. 
These  men  in  indu.strial  lines  may  proi)erly  l)e  enliste<l  in  the  Academy 
Interests,  and  I  am  certain  we  can  thus  enlarge  the  number  of  those  en- 
gaging in  the  work  of  the  Academy. 

I  believe  that  is  all  I  care  to  say,  be<*ause  other  features  of  tne  A(»acl- 
emy  work  will  be  mentioned  by  those  who  follow. 


Db.  Stanlfa'  (^oulter:  Mr.  Chairman,  I  think  we  are  a  unit  upon  the 
matter  of  the  development  of  the  s<K'ial  side  of  the  Academy.  It  has  i>c- 
curred  to  me  tliat  one  way  in  which  that  might  be  brought  about  would 
l>e  to  have  the  Executive  Conunittee  constitute  itself  a  committee  of  intro- 
duction at  each  session,  and  make  it  a  regular  part  of  the  program  to 
introduce  the  new  members  to  the  older  ones.  I  have  frequently  told 
young  men  that  the  only  way  for  them  to  broaden  out  was  by  coming  in 
ctmtact  with  tliese  older  member.s,  and  they  have  come  to  the  At*jidemy 
meetings,  staycnl  a  day  or  two  and  have  j^one  home  without  meeting  a 
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single  one  of  them.  We  should  certainly  have  some  (.•ommittee  thnt  woniJ 
see  that  the  young  members  are  properly  introduced  to  those  with  longer 
years  of  service  in  the  State. 

Another  matter  which  should  be  taken  up  by  the  Academy  and  the 
Executive  Committee  is  the  length  of  time  taken  to  print  our  reports.  A 
man  who  is  doing  a  bit  of  scientific  work  which  is  worth  publishing,  the 
preparation  of  which  Involves  much  time  and  labor,  must  wait  eleven 
months  for  its  ai>i)earance  if  he  presents  it  to  the  Academy.  A  paper 
that  may  be  of  value  at  the  time  of  its  presentation,  may  not  be  worth 
nearly  so  much  after  a  year  has  elai)sed.  You  can  not  be  sure  that  the 
thhig  you  say  today  Is  the  thing  you  would  say  in  the  same  form  a  year 
from  now.  I  think  the  Executive  Connnittee  should  take  this  matter  up 
in  some  definite  way,  and  see  that  the  proceedings  are  ready  for  distri- 
bution in  less  than  a  year  from  the  date  of  meeting. 

Another  thing,  It  seems  to  me,  that  we  need  is  that  our  programs 
should  not  be  made  up  as  they  are  now,  in  a  comparatively  haphazard 
fashion.  In  the  past  we  had  some  programs  that  were  really  capital,  and 
those  who  had  tliese  programs  In  charge  would  begin,  say.  In  March  or 
Ai>ril  to  send  the  various  members  letters,  suggesting  that  It  would  be  a 
gtKxl  time  to  arrange  in  their  minds  the  subject  they  would  present  to  the 
Ac'ademy,  and  thus,  long  before  the  Academy  meeting  the  Executive  Com- 
mittee had  In  hand  a  well  organized  program. 

In  conclusion,  I  suggest:  a  recognition  of  the  social  side,  an  Im- 
provement In  the  methods  of  getting  out  our  reports,  so  that  they  may 
be  received  very  much  more  promptly  than  heretofore,  and  a  return  to 
the  old  method  of  having  the  Executive  Committee,  made  up  of  the  Presi- 
dent, Secretary  and  Program  Committee,  feel  that  a  large  part  of  their 
work  must  be  done  before  summer  vactitlon  if  the  meeting  is  to  be  a  suc- 
cess. The  request  for  my  subject,  under  the  present  practice,  always 
comes  at  a  time  when  I  am  busier  than  at  any  other  time  of  the  year.  As 
a  consequence  I  send  in  some  title  that  sounds  well,  and  does  not  take 
much  preparation,  and  trust  in  tlie  main  to  the  Inspiration  of  the  moment. 

I  am  thoroughly  In  accord  with  Mr.  Wright's  suggestion  that  this  or- 
ganization is  losing  a  very  great  element  of  strength  In  not  having  asso- 
ciated with  it  more  closely  the  Industrial  scientists  of  the  State.  (Ap- 
plause*.) 

[4—23003] 
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Db.  II.  E.  Barnard  (Indianapolis):  Mr.  President  and  Members,  I 
cannot  but  feel  that  it  is  presumption  for  me,  wbose  name  was  enrolled 
In  the  Academy  but  yesterday,  to  attempt  to  give  advii*e  to  you  who  were 
at  Brookvllle,  and  who  have  guided  the  Academy  from  its  infancy  through 
youth  to  manhood.  But  if  there  Is  a  word  I  can  say  this  morning  it  Is 
to  the  older  members,  whom  I  would  urge  to  give  of  their  wisdom  and 
advice  to  these  young  men,  not  only  in  lectures,  but  in  heart-to-heart 
talks  and  fraternity  with  them.  I  wish  to  express  my  thanks  to  Dr.  Coul- 
ter for  his  admirable  toast  last  evening.  More  fraternity  and  fewer 
scientific  pai)ers  I  believe  will  be  the  key-note  of  the  future  of  the  society. 
Some  of  the  pai>ers  stand  a  ix)or  chance  of  being  appreciated,  bet*auae 
they  are  not  understwKl ;  but  we  all  want  to  know  the  men  who  write  tlie 
palmers,  not  for  the  pai)ers,  but  for  themselves.  One  may  gain  quite  as 
much  inspiration  in  the  company  of  the  worker  in  other  fields  as  in  asso- 
ciation with  his  fellows,  not  in  their  pai)ers,  but  in  the  social  hour. 

So  I  would  urge  more  and  more  this  fraternity  among  the  members, 
es|)ecially  at  the  spring  meetings.  That  first  gathering  at  the  swimming 
I)ool  has  taken  hold  of  me;  it  gives  us  a  glimpse  of  an  esprit  de  con>s 
that  will  caiTy  the  Academy  far.  and  make  an  Academy  that  we  will  be 
as  proud  of  twenty-five  years  hence  as  we  are  t04lay.     (Applause.) 


President  W.  E.  Stone:  Mr.  Chairman  and  Menil)ers  of  the  Academy, 
I>erhap8  what  I  have  to  suggest  will  not  permit  of  practical  application, 
and  yet  as  I  have  been  in  attendance  upon  this  meeeting  I  am  impressed 
with  this  thought  about  the  Academy.  It  has  bec*ome  in  a  sense  a  child 
of  the  State;  it  owes  something  to  the  State  as  an  organization.  It  rep- 
resents a  body  of  men  who  certainly  have  a  great  deal  of  influence  in 
shaping  the  future  of  the  State.  Now,  it  occurs  to  me  that  the  particular 
thing  which  this  Aciidemy  can  do  is  in  the  direction  of  shaping  public  ap- 
preciation of  scientific  methods  and  scientific  spirit.  You  can  not  formu- 
late that  policy  for  immediate  action,  but  I  submit  to  you  if  It  would  not 
be  a  very  valuable  thing  if  the  public  at  large,  the  press,  business  men  and 
public  ofliclals,  had  a  better  concei)tion  of  what  scientific  methods  and  the 
scientific  spirit  stand  for.  How  much  we  should  be  spared  in  the  press 
of  the  sensational  talk  of  scientific  attainment;  how  much  we  should 
economize  in  the  administration  of  the  aflTairs  of  city  and  state;  ho\v 
much  more  it  would  mean  to  the  private  affairs  of  our  citizens  if  there 
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Was  a  conception  of  the  idea  tliat  Isnowledge  is  to  be  gained  on  all  of 
•  the  common  affairs  of  life  which  put  into  practice  would  result  in  effi- 
ciency and  in  economy. 

Now,  that  is  a  matter  of  slow  growth— i)Ublic  education.  We  ara 
striving  to  bring  people  to  a  conception  of  that  idea  in  all  of  our  schools 
and  colleges,  and  here  is  a  public  body  which  should  be  recognized  as 
having  influence  and  standing  and  weight  in  this  State.  What  better 
service  could  it  render  in  the  course  of  a  quarter  century  than  to  have 
promulgated  steadily  that  notion  of  api)reciation  of  scientific  methods  and 
scientific  spirit?  It  is  worth  more  than  papers.  It  is  the  ultimate  ob- 
ject of  this  Academy.  It  is  the  highest  service  it  can  render  the  State 
as  a  matter  of  public  welfare  and  public  education. 

Xow,  that  is  very  intangible,  I  realize,  but  I  think  it  is  an  end  worth 
thinlcing  about.     (Applause.) 


Dk.  C.  L.  Mees:  It  api)ears  to  me  that  the  remarks  I  had  prepared 
open  being  notified  to  speak  have  been  stolen  by  those  who  have  pre- 
ceded me.  It  is  an  old  Chinese  saying  that  it  is  dangerous  to  stoop  down 
even  to  fasten  your  shoe  strings  in  your  neighbor's  melon  patch.  So  there 
Is  very  little  left  for  me  to  say. 

I  certainly  am  thoroughly  in  accord  with  all  that  has  been  said  this 
morning,  and  by  Dr.  Coulter  last  evening,  but  there  are  one  or  two  prac- 
tical things  which  come  to  my  mind  now.  Dr.  Coulter  referred  to  the  fact 
that  we  are  in  danger  of  dissipation.  Owing  to  the  fact  that  the  numl)er 
of  scientific  workers  in  special  lines  in  Indiana  has  increased  very  greatly 
in  the  last  two  years,  papers  presented  to  the  Academy  have  become  more 
and  more  technical  In  narrow  specialties  and  the  number  capable  of  discus- 
sing them  or  even  following  them  as  presented  was  necessarily  small  and  in- 
terest correspondingly  flagged.  This  condition  led  to  the  formation  of  half 
a  dozen  or  more  of  scientific  societies  made  up  of  men  especially  interested 
along  narrow  lines  of  scientific  research,  commanding  the  interest  and  at- 
tendance of  those  having  common  interest  and  drawing  their  attention 
and  membership  from  the  Academy.  Now  the  question  Is  whether  the 
Academy  cannot  devise  some  plan  by  which  the  work  of  these  various 
societies  could  be  co-ordlnateil  and  i)erhaps  their  meetings  l)e  arranged 
to  occur  at>out  the  same  time  as  the  Academy  meeting.  If  the  jirogram 
of  the  Academy  meeting  could  be  somewhat  shortened  and  the  pai^ers  be 
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made  of  more  general  interest,  they  would  serve  the  pnri>08e,  as  Dr.  Stone 
has  just  intimated,  of  developing  the  scientific  spirit,  and  then  let  the 
different  societies  meet  and  discuss  the  technical  papers  they  may  have 
to  offer.  I  merely  offer  this  as  a  suggestion,  and  do  not  know  whether  it 
would  be  practical. 

There  is  another  suggestion  which  possibly  might  be  worked  out  The 
American  Institute  of  Electrical  Engineers  has  tried  a  somewhat  similar 
plan,  that  is,  to  have  scholars  from  the  various  colleges  where  more  or 
less  graduate  work  is  l)eing  done,  attend  meetings,  and  thus  give  them  an 
enthusiasm  which  contact  alone  will  bring,  and  publish  their  papers,  if 
worthy,  and  interest  them  in  the  work  of  the  Academy  later  on. 

These  are  some  of  the  practical  points  that  come  to  my  mind  in  con- 
nection with  the  future  i)lans  of  this  Academy.  I  believe  the  danger  is 
now  that,  unless  the  character  of  the  activity  of  the  society  is  somewhat 
changed,  we  will  l>ecome  a  sort  of  body  which  exists  ui>on  paper  and 
in  lists  of  meml)er8hip,  rather  than  in  active  work. 


Mb.  W.  a.  Cooshall  (Bloomingtoii)  :  I  have  lKH»n  very  much  inter- 
ested in  the  statements  during  the  last  two  days  of  the  early  work  of  the 
Academy — its  early  organization  and  membership,  and  In  the  large  num- 
ber of  suggestions  that  have  been  made  for  the  future  of  the  Academy.  1 
think  -most  of  these  are  gootl.  It  only  remains  to  adopt  some  definite 
plans  by  which  these  suggestions  can  be  put  Into  something  tangible.  I 
do  not  know  whether  such  plans  -can  be  worthed  out  In  the  Immediate 
future  or  not. 

It  seems  to  me  the  aim  of  this  Academy  is  first  to  encourage  scientific 
work  among  a  good  many  who  without  the  Academy  would  not  do  any 
such  work.  It  does  that  to  a  certain  extent.  We  have  every  year  a  long 
list  of  papers  from  men  who  do  not  belong  to  other  scientific  societies,  and 
It  Is  a  good  thing  for  them  and  a  good  thing  for  the  State  at  large  that 
these  papers  should  be  prepared  and  printed. 

The  other  aim  of  the  Academy,  and  which  I  believe  to  be  the  main 
one.  Is  the  bringing  together  of  the  scientific  men  of  the  State — not  neces- 
sarily to  hear  the  papers,  as  was  very  well  said  last  night.  I  do  not  know 
that  I  should  put  the  papers  in  quite  so  Insignificant  a  place  as  was  Indi- 
cated, but  we  could  well  have  the  program  the  real  excuse  for  meeting, 
and  make  that  the  frame-work  of  the  whole  thing.     But  I  think  a  good 
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deal  of  the  scientific  benefit  is  lost  or  perhaps  not  realized,  by  having  such 
a  large  number  of  papers  of  such  short  duration.  To  my  mind  it  takes 
a  man  who  is  a  good  deal  better  than  the  average  to  prepare  a  paper 
of  five  or  ten  minutes  in  length,  that  has  anything  in  it,  and  if  that  Is 
all  there  is  to  the  paper,  I  do  not  know  that  it  is  really  worth  while  to 
read  it  I  believe  the  whole  work  of  the  Academy  could  be  much  better 
carried  on  if  we  did  not  try  to  crowd  sixty  or  seventy  papers  into  one 
short  meethig. 

With  the  great  number  of  things  that  have  come  into  life  since  this 
Academy  was  organized,  it  is  not  possible  for  us  to  give  two  or  three  days 
continuously  to  a  meeting  of  this  kind  very  often,  and  so  we  could  not 
have  sixty  or  seventy  papers.  But  if  we  could  have  papers  that  are  long 
enough  to  be  beneficial,  and  put  them  into  a  shorter  space  of  time,  we 
could  then  devote  more  time  to  the  social  element  of  the  meeting.  I  do 
iKit  believe  we  get  much  social  l)enefit  from  the  meeting,  as  it  only  hapi>ens 
*ni(v  a  year.  We  come  up  here  and  meet  a  few  men  and  go  back  home,  and 
in  the  course  of  a  few  months  we  have  forgotten  who  these  men  were  and 
where  they  came  from  and  what  sort  of  work  they  are  particularly  in- 
terested in.  I  l)elieve  we  should  have  meetings  which  would  not  he  too 
8<*ientlflc  very  much  oftener  than  once  a  yejir,  which  would  serve  to  bring 
the  members  of  this  Academy  into  closer  touch  with  each  other. 

I  would  suggest  that  we  have,  if  possible,  some  sort  of  Academy  head- 
quarters here  In  Indianapolis,  and  that  once  a  month  or  once  In  two 
months,  or  once  a  quarter,  as  may  seem  advisable,  notices  be  sent  out  to 
the  members  that  there  will  be  a  meeting.  Have  not  over  one  or  two  pa- 
[KTs,  that  could  be  presented  after  a  little  dinner  or  lunch.  I  think  this 
would  be  well  worth  while. 

I  was  very  much  interested  yesterday  in  the  statements  of  the  Libra- 
rian of  the  State,  in  regard  to  the  new  building  that  is  proposed.  If  by 
anv  jMissibility  that  building  could  be  obtained  through  appropriation  from 
the  Legislature,  a  permanent  headquarters  for  the  Indiana  Academy  could 
l>e  secured,  a  most  excellent  place  for  carrying  out  some  such  Idea.  It 
would  give  us  a  place  for  our  library,  and  It  seems  to  me  it  would  be  a 
benefit  to  the  Academy  on  every  side.  It  would  bring  the  whole  scientific 
body  of  the  State  of  Indiana  together  often  enough  to  get  acquainted  and 
keep  acquainted. 

I  believe  that  some  sort  of  permanent  headiniarters,  more  frequent 
meetings  and  shorter  meetings,  would  give  us  the  best  results  In  this  State. 
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Hart,  W.  W. 
Hathaway.  A.  S. 
Ilofer,  G.  N. 
Hole,  A.  D. 
Hyde,  Roscoe. 
Johnson,  A.  G, 
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Johnson,  S. 
Jordan,  D.  S. 
Kenyon,  A.  M. 
Kern,  F.  D. 
King,  R.  M. 
McBeth,  W.  A. 
McBride,  R.  W. 

Millis,  W.  A. 
Moenkhaus,  W.  J. 
Montgomery,  H.  T. 
Aloore,  G.  T. 
Moore,  R.  B. 
Morrison,  E. 
Mowrer,  F.  K. 
Xoe,  Fletcher  M. 
Noyes,  W.  A. 
Pohiman,  A.  G. 
Potter,  Dr.  Theodore. 
Ransom,  J.  H. 
Rettger,  L».  J. 
Smith,  E.  R. 


Springer,  Dr.  A. 
Stoddard,  Dr.  S.  P. 
Stoltz,  Charles. 
Stoltz,  Charles,  Jr. 
Stone,  W.  E. 
Stuart,  M.  II. 
Swift,  L.  B. 
Taylor,  F.  B. 
Thomas,  M.  B. 
Thompson,  Willis  S. 
Transeau,  E.  N. 
Turner,  W.  P. 
Van  Gorder,  W.  B. 
Waterman,  Dr.  L.  D. 
Weems,  M.  L. 
Williamson,  E.  B. 
Woodhams,  John  W. 
Woollen,  W.  W. 
Wright,  John  S.,  and  wife. 
Young,  J.  P. 
Zimmer,  H.  E. 


Dr.  a.  L.  Foley  :  It  seems  to  me  the  Program  Committee  has  shown 
particularly  good  judgment  in  the  program  it  has  jirovided,  and  In  no  way 
has  that  good  judgment  been  better  shown  than  in  the  selection  of  the 
Toastmaster  for  this  evening. 

There  is  no  man  in  Indiana  who  has  had  more  influence  upon  the 
teachers  of  the  State,  upon  the  schools  of  the  State ;  there  is  no  man  who 
has  been  closer  to  the  hearts  of  his  pupils.  There  is  no  man  who  has  had 
more  to  do  with  the  development  of  scienc»e  in  Indiana  than  has  Professor 
David  W.  Dennis,  of  Earlham  Cx)llege,  who  will  preside.     (Applause.) 

Peof.  David  W.  Dknnis:  I  am  sure,  ladies  and  gentlemen,  that  I 
wish  more  than  any  of  you  possibly  can  that  all  of  that  was  ti*ue. 

In  science  we  have  many  of  us  been  very  lately  instructed  by  an  em- 
inent Iloosier  that  nothing  at  all  is  settled,  and  I  came  to  the  conclusion 
this  morning  when  recapitulation  went  overboard  that  perhaps  it  is  so. 
But  the  records  of  the  Indiana  Academy  of  Science  would  furnish  many 
exceptions  to  this  rule.  During  these  twenty-five  years  we  have  been 
settling  a  considerable  number  of  questions;  some  of  these  have  been 
settled  so  eflfectually  that  they  have  never  come  up  again.     For  instance, 
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many  years  ago — so  many  that  I  have  forgotten  the  exact  date — Dr.  Jor- 
dan presented  a  discussion  on  "Fishing  all  the  way  from  the  Amazon  to 
Greenland,"  and  he  said  that  the  number  of  vertebne  in  the  fishes  of  the 
same  species  always  increases  with  the  latitude  In  which  the  fish  is 
caught.  He  suggested  that  he  knew  no  reason  for  it  unless  perhaps  it  is 
that  life  exi)resses  itself  in  more  vigorous  terms  at  the  pole  than  at  the 
equator.  But  Prof.  T.  C.  Meudenhall  offered  a  theory  that  was  received 
with  much  applause,  and  that  everyone  thought  was  right.  He  said  the 
North  always  had  more  backl)one  than  the  South,  anyway.  (laughter). 
So  that  is  one  question  we  have  settled. 

I  i^emember  also  that  twenty- four  years  ago  our  b:)tanist  presented  to 
us  what  he  was  pleased  to  call  a  very  imimrtant  question.  Several  others 
have  been  presented  that  were  more  or  less  important,  but  this  was 
really  important,  and  it  was,  in  general  terms,  the  development  of  life 
from  the  Plasmodium  to  the  oak.  He  referred  to  the  fact  that  mush- 
rooms— I  tried  to  get  his  exact  words,  but  we  did  not  publish  in  those 
days,  so  this  is  as  I  rememl)er  it — that  nnishrooms  "are  degenerates,  mere 
driftwood  east  up  by  tlie  waves  of  life's  wean."  Incidentally  this  idea 
was  illustrated  by  another  journey  parallel  to  it,  from  the  Amceba  by  way 
of  the  ascidian  to  man.  In  the  discussion  which  followed,  our  zoologist 
arose  and  sjifd  the  ascidians  "are  degenerates,  mere  driftwood  cast  up  by 
the  waves  of  life's  (x-eau;"  so  the  status  of  the  mushroom  and  the 
ascidian  was  settled. 

We  really  took  up  some  serious  questions.  I  remember  that  Professor 
Waldo  in  a  wide  discussion  of  mathematical  questions,  had  a  good  deal  to 
say  about  parabolas,  hyperbolas,  asymtotes  and  other  similar  things;  Pro- 
fessor Neff  then  followed  witli  a  paper  dealing  with  the  refinements  of 
organic  chemistry,  which  lie  illustrated  witli  what  api>eared  to  be  colored 
chalk;  all  of  us  were  lost  S(mie  of  tlie  time  and  some  of  us  were  lost  all 
the  time  for  some  hours.  This  was  followed  by  a  glowing  vision  of  crea- 
tion from  a  Darwinian  standpoint.  It  was  an  interesting  occasion ;  we 
all  understood  and  took  on  a  l)enevoient  expression.  But  the  many  things 
we  used  to  teach  that  are  discardeil  now  were  useful  in  their  day.  Oar- 
lyle  says  somewhere  tliat  tlie  present  time  is  "child  and  heir  of  all  the 
past  and  parent  of  all  the  future,"  and  I  could  not  help  thinking  this 
morning  when  Prof.  Coulter  was  talking,  that  as  cme  after  another  these 
theories  have  been  set  aside,  there  has  been  a  reascm  for  the  existence  of 
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each  one,  and  It  has  called  into  existence  something  that  is  better  than  it 
was  itself.    Our  criticism  is  constructive. 

I  believe  scientific  men — or  at  least  if  you  will  nuike  it  a  little  broader 
than  that,  the  school-master  today  Is  the  priest  of  today;  and  he  Is  going 
to  be  the  priest  of  the  future.  There  were  some  questions  submitted  to 
the  children  of  the  schools  in  one  of  our  cities;  one  of  them  was,  "Where 
is  Heaven?'*  In  the  answei*s  one  of  the  pupils  (it  was  a  girl,  so  there 
could  not  have  been  any  malice  in  it)  Siiid  that  Heaven  was  said  to  Ik? 
above  the  clouds,  but  she  added  that  i)hysical  geography  teaches  that  the 
atmosphere  Is  only  about  forty-five  miles  high,  and  that  even  a  very  few 
miles  up  it  Is  i>robably  not  jmssible  for  anybwly  to  live,  so  Heaven  could 
not  be  there  at  all.  Whatever  that  child  may  have  thought  tlmt  was 
wnnig  or  inade<juate  al>out  Heaven,  It  is  clear  that  she  believed  the  things 
her  teacher  had  taught  her  al)out  the  air.  Her4nstead  of  her  minister — 
if  she  had  one — was  her  priest. 

I  hapi)ene<l  to  be  present  at  the  inception  of  tliis  Society  after  Amos 
Butler  brought  it  to  us,  and  of  coui'se  it  would  be  very  e:isy  to  continue 
these  reminl.s<^^»nces ;  but  that  is  not  wliat  the  conmilttee  asked  me  to  do, 
aud  I  do  not  intend  to  do  it.  Rut  this  Society  has  iK'en  a  great  help  to  me 
and  to  all  of  us,  not  only  in  Its  mK»tings,  but  in  the  rambles  we  have  had 
over  all  jmrts  of  Indiana  in  our  Spring  meetings.  We  went  out  to  Fort 
Quiatanon  and  himted  beads  the  Indians  had  lost  at  the  old  trading  post 
and  were  as  hapi)y  when  we  found  one  as  the  Indians  were  sorry  when 
they  lost  it;  we  have  gone  over  tlie  whole  State  getting  actpiainted  with 
whatever  of  Interest  it  had  to  offer.  Even  at  the  very  first  meeting  down 
at  Brookvllle,  the  home  of  the  Academy,  we  went  swimming,  and  naturally 
got  acquainted  with  ourselves;  saw  ourselves  in  a  sense  in  which  others 
did  not  very  often  see  us.  (Laughter).  These  social  occasions  have  been 
the  best  part  to  me,  after  all  is  said,  of  the  meetings  of  the  Academy  from 
the  beginning  until  now. 

I  have  the  pleasant  and  easy  task  of  introducing  first  a  man  who 
needs  no  presentation  to  scientific  men  anywhere;  a  man  who  needs  no 
title,  but  whose  titles  are  so  numerous  that  there  would  not  be  time  to 
read  them.  He  is  an  investigator  and  a  teacher,  was  for  a  time  the  pre- 
mier of  Indiana  teachers.  He  is  an  author  to  whom  science  owes  much 
and  man  owes  more;  the  man  for  whom  the  river  Jordan  was  named. 
< laughter).  I>r.  David  Starr  Jordan,  President  of  Leland  Stanford 
University.     (Applause.) 
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Db.  David  Stare  Jordan  :  Mr.  Toastmaster  and  President,  Member? 
of  the  Academy,  Ladles  and  Gentlemen:  It  is  a  pretty  hard  thing  to  re- 
spond, impromptu,  to  all  that.  I  only  hope  there  is  some  of  it  that  is  not 
true.  It  Is  a  very  great  pleasure  to  me  to  get  back  here,  and  yet  that 
pleasure  is  not  unmixed  with  a  certain  kind  of  pain.  I  was  just  remark- 
ing to  Dr.  Coulter  that  m  the  "fierce  democracy"  of  this  Indiana  Academy 
"there  was  a  Brutus  once  who  would  have  brooked  the  eternal  devil  to 
take  his  seat  in  Ilome"  as  easily  as  he  would  have  sjit  for  dinner  in  a  dress- 
suit  But  to  see  this  "fierce  democracy"  in  tlie  brook  at  Brookville — It 
gives  me  a  certain  sense  of  pain.  (Laughter.)  And  8i)eaking  of  Brutus 
calls  to  my  mind  Marc  Anthony,  and  1  rememl)er  an  occasion  when  a  gen- 
tleman was  called  upon  to  speak,  aud  he  had  only  one  speech  which  he 
siiid  over  and  over,  and  just  l^efoi-e  going  in  he  asked  If  anyone  could  give 
him  the  address  of  Marc  Anthony.  A  friend  sjiid.  "You  know  Anthony's 
style  of  life  and  the  i»eople  he  ass<K'latotl  with ;  I  should  think  his  address 
would  be  at  the  same  old  place."     ( I^aughter. ) 

I  saw  a  statement  not  long  ago  by  Henry  Fairfield  Oslxim,  that  he 
did  not  think  it  i>ossIble  for  an  American  University  to  ijroduce  a  Darwin, 
and  the  reasons  he  gave  were  that  first,  he — that  Is,  the  student  nowa- 
days—did not  have  to  contend  in  ills  early  life  with  something  that  was 
distasteful  to  him,  as  Darwin  did;  second,  scientific  men  do  not  have  the 
appreciation  here  that  scientific  men  do  in  England;  and  third,  that  the 
scientific  men  of  this  country  do  not  have  the  leisure  to  become  such  as 
Darwin  was.  It  does  not  seem  to  me  that  tliese  reasons  are  very  good. 
I  do  not  think,  perhaps  Darwin  did  not  think,  that  any  appreciable  part 
of  his  greatness  was  due  to  the  work  in  the  University  which  he  said  was 
incredibly  dull,  and  which  led  liiui  to  feel  that  he  would  never  read  a 
book  on  a  certain  subject  afterwards.  And  as  for  appreciation  in  this 
country,  you  have  just  heard  how  scientific  men  are  appreciated  in  Indi- 
ana, and  it  is  even  so  everywhere  we  go.  And  so  we  have  this  kind  of 
treatment,  in  America,  whereas  Darwin  was  named  "gas"  by  his  fellow- 
students,  because  he  confined  himself  more  or  less  to  chemical  experi- 
ments. And  as  for  leisure,  I  know  a  great  many  scientific  men  of  leisure 
who  have  never  made  any  pretense  to  being  Darwins  on  that  account  It 
seems  to  me  that  Darwin  was  first  made  by  heredity.  There  will  never 
be  another ;  you  cannot  get  a  man  of  high  scnentific  rank  and  quality  unless 
heredity  starts  the  thing.  You  have  to  get  the  right  kind  of  stock.  There 
is  no  reason  why  the  right  kind  of  stock  should  not  be  found  in  Indiana, 
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for  there  Is  such  an  amount  of  genius  In  tbis  State  that  it  spills  over  into 
all  the  other  States.  California  is  full  of  it  that  has  been  borrowed  from 
Indiana,  and  so  with  the  other  States.  The  first  thing,  then,  is  heredity. 
The  second  thing  is  to  be  "up  against  it."  We  read  in  history  that  Dar- 
win went  to  see  horse  races  and  watched  them  very  closely;  that  he  was 
interested  in  the  l)eetle8  of  England  and  gathered  beetles  in  season  and 
out  of  season.  In  other  words,  with  all  the  scientific  training  a  student 
gets  he  should  be  brought  right  up  against  nature;  against  the  things  that 
do  not  lie  if  you  listen  to  what  they  have  to  say.  Then  the  third  thing. 
We  read  in  the  various  historical  sketches  of  Darwin  that  he  "walked 
with  Ilenslow,"  a  man  with  enthusiasm,  and  this  enthusiasm  was  passed 
from  the  teacher  to  him.  I  take  it,  then,  that  the  making  of  a  great  man 
of  science  rests  on  these  three  things,  and  I  do  not  think  the  other  things 
have  anything  to  do  with  it.  I  notice  a  man  will  do  just  as  much  when  he 
has  not  any  time,  as  he  will  when  he  has  all  the  time  there  is. 

Now,  I  think  we  have  these  elements  to  a  greater  or  less  extent  in  our 
modem  Universities.  Of  course,  heredity  is  not  included,  but  the  second 
element,  that  of  coming  up  against  it,  is  more  or  less  within  the  power  of 
every  institution  now.  There  was  a  time  when  institutions  prided  them- 
selves that  they  did  not  let  the  students  come  up  against  any  scien- 
tific knowledge.  There  was  a  time  when  the  University  teacher — an  A.  B. 
— was  more  interested  in  the  song  of  the  oriole  than  the  students  in  his 
classes.  But  the  Universities  have  recognized  that  defect.  Now,  the 
third  element,  "walking  with  Henslow."  Jacques  Ix>eb,  of  the  University 
of  Chicago,  told  me  awhile  ago  that  he  received  a  very  enthusiastic  letter 
from  a  young  man  who  said  he  wanted  above  all  things  to  study  the 
origin  of  life,  and  that  he  wanted  above  all  things  to  study  under  Loeb 
and  enjoy  his  fellowship.  Then  Loeb  wrote  back  that,  unfortunately,  he 
bad  decided  to  go  to  California,  and  the  young  man  wrote  back:  "Will 
you  kindly  turn  my  letter  over  to  your  successor?" 

Now,  to  a  large  degree,  young  men  are  training  themselves  wrong. 
Instead  of  "walking  with  Henslow,"  they  are  going  where  they  are  hired 
for  $200  to  $500  a  year.  They  are  a  bar  to  scientific  research,  for  what 
professor  can  teach  his  students  to  do  a  thing  which  he  cannot  do  him- 
self? You  may  remember  in  the  last  number  of  the  Atlantic  Monthly,  an 
article  by  Professor  Showerman  of  the  University  of  Wisconsin.  The  pro- 
fessor had  worked  for  some  time  on  the  prefixes  In  P,  of  Plautus,  he  was 
then  working  on  the  suflfixes  in  S,  of  Seneca,  to  be  followed  by  the  termi- 
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nations  in  T  of  Terence.  The  point  I  want  to  get  at  is  tliat  this  is  not 
advanced  work,  and  the  student  will  not  gain  enthusiasm.  I  do  not  think 
we  ought  to  mistake  for  advanced  study  this  very  elemental  work,  the 
things  that  are  of  no  consequence,  and  just  so  far  as  we  allow  our  young 
men  to  do  this  elementary  work,  so  far  will  we  find  them  going  out  as 
teachers  without  enthusiasm,  and  saying  that  it  is  impossible  in  this 
country  ever  to  see  another  Darwin.     (Applause.) 

Mr.  Dennis  :  The  next  si>eaker  is  a  member  of  the  Academy,  and  has 
i)een  for  eighteen  years.  He  came  to  us  from  the  neighboring  State  of 
Ohio,  and  we  expect  him  this  evening  to  bring  the  greetings  of  his  native 
State  to  the  Academy.  He  is  the  gentleman  who  in  his  earlier  scientific 
career  invented  the  torsion  balance.  At  the  present  time  his  specialty  is 
fermentation. 

Dr.  Alfred  Springer,  of  Cincinnati. 

Dr.  ArjBED  Springer:  Mr.  Toastmaster,  Ladies  and  Gentlemen:  It 
certainly  affords  me  great  pleasure  to  be  here  with  you  this  evening,  and 
no  little  gratification  to  be  i)ermitted  to  address  a  body  of  men,  many  of 
whom  have  carved  their  names  deeply  in  the  records  of  scientific  achieve- 
ment. Tlie  achievements  of  those  of  you  who  have  remained  at  home  have 
l)ecome  household  words,  and  the  fame  of  those  who  have  left  the  State 
to  spread  such  brightness  as  only  science  can  convey,  has  loomed  up  con- 
spicuously among  many  brilliant  lights.  Twenty  years  ago  the  American 
Association  for  the  Advancement  of  Science,  in  looking  over  its  list  of 
eligible  candidates,  selected  from  your  members  T.  C.  Mendenhall  as  the 
man  worthy  to  represent  it  as  President.  Chairmen  for  the  various 
settlons  of  the  American  Association  have  frequently  been  selected  from 
the  Indiana  Academy  on  account  of  tlie  gootl  work  they  have  done.  As 
for  the  General  Secretary  of  the  American  Association,  where  could  a 
better  and  more  popular  one  be  found  than  in  our  own  Amos.  W.  Butler? 
lie  graced  that  ix>sition  in  1892,  and  ornithologically  speaking,  he  was  a 
'*bird.*'  (Laughter.)  This  year  tlie  Americ»an  Association  for  the  Ad- 
vancement of  Science  has  honored  itself  in  selecting  one  of  your  past  presi- 
dents for  its  President.  No  one  who  knows  Dr.  David  Starr  Jordan  doubts 
but  that  he  will  add  additional  lustre  to  its  already  bright  pages. 

Permit  me,  as  a  delegate  from  the  CInciiuiati  Section  of  the  American 
Chemical  Society,  to  congratulate  you  on  the  twenty-five  years  of  your 
existence,  and  to  besi»eak  for  the  future,  If  such  a  thing  be  possible, 
greater  success  tlian  in  the  past.     (Applause.) 
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Pbofessob  Dennis:  The  program  committee  wished  a  man  to  speak 
for  the  small  college,  and  it  has  asked  Professor  Culbertson  to  do  this. 
He  was  President  of  this  Academy  last  year,  and  it  Is  a  fact  that  he  has 
been  a  member  of  the  Indiana  State  Legislature.  I  cannot  understand  how 
it  came  to  pass,  but  will  leave  that  for  him  to  explain — it  is  true.  If  he 
occupies  six  minutes'  time,  he  has  obtained  for  us  through  the  Legislature 
$100  a  minute  every  year  for  all  of  that  time,  and  I  think  he  will  be  en- 
titled to  at  least  that  much.    Prof.  Glenn  Culbertson,  of  Hanover  College. 

Pbofessob  Glenn  Culbebtson:  Mr.  Toastmaster,  Ladies  and  Gentle- 
men: I  shall  not  attempt  to  explain  how  I  came  to  the  Legislature.  I 
enjoyed  the  experience  very  much,  but  I  do  not  know  that  I  shall  care  to 
go  through  it  again,  so  you  had  better  be  looking  up  another  candidate 
if  you  want  the  appropriation  continued  two  years  longer.  I  was  very 
much  pleased  to  hear  the  expression  this  morning,  but  there  really  was  not 
very  much  diflSculty  in  getting  the  appropriation.  And  I  want  to  say  this 
in  regard  to  that  appropriation,  that  I  did  not  do  anything  that  was  against 
my  conscience  in  attempting  to  get  it.  If  I  had  not  felt  that  there  were 
good  papers  presented  to  this  Academy  every  year  that  ought  to  be  pub- 
lished in  Its  report,  I  should  not  have  worked  for  this  $G00  additional 
appropriation. 

My  subject  is  **The  small  college  in  its  relation  to  the  Academy  of 
Science."  I  think  by  going  back  twenty-five  years  in  the  Idstory  of  the 
Indiana  Academy  of  Science,  every  college  in  the  State  would  come  In 
that  class.  Since  then,  of  course,  some  of  them  have  moved  forward  Into 
a  higher  class.  I  have  been  a  meml)er  of  the  Academy  for  some  fifteen  or 
sixteen  years,  and  It  has  been  a  great  pleasure  to  come  up  here  year  after 
year  to  hear  the  papers  read  and  the  discussions  entered  Into.  They  cer- 
tainly have  been  an  inspiration  to  me,  and  I  take  It  they  have  to  every  man 
in  a  small  institution  in  Indiana.  We  are  spread  out  over  a  considerable 
territory,  and  we  have  a  great  deal  of  work  to  do.  Dr.  Jordan  says  that 
the  more  work  a  man  has  to  do  the  more  he  will  do,  but  it  is  true  that 
if  we  have  a  great  deal  of  work  along  different  lines  we  do  not  have  time 
to  put  in  ^)eclal  work  in  preparing  such  papers  as  we  have  heard  here  year 
after  year ;  nevertheless  we  have  all  done  our  part.  Of  course,  we  of  the 
smaller  colleges  rather  envy  a  good  many  of  the  te^ichers  in  larger  insti- 
tutions because  of  their  ability  and  opportunity  to  pursue  tlieir  work 
along  certain  lines,  but  there  are  compensations.    We  get  a  broader  grasp 


62 

of  things  in  a  certain  way,  and  we  have  certain  relationships  that  are 
very  pleasant  to  us.  I  will  admit  that  with  some  of  the  papers,  all  I  can 
do  is  to  look  wise,  but  I  have  received  a  great  benefit  from  a  good  many 
of  them,  and  have  gone  back  home  resolved  to  understand  more  fully  these 
things  that  are  brought  to  our  notice. 

So  far  as  the  work  of  the  small  institutions  of  the  State  Is  concerned, 
you  have  only  to  look  at  the  program  to  see  that  the  small  institutions 
have  done  their  share  in  producing  the  scientific  men  that  have  been  an 
honor  to  Indiana.    We  are  very  proud  of  them  today. 

I  want  to  thank  you  for  listening  to  the  words  I  have  spoken,  but  I 
think  you  can  listen  to  better  advantage  to  those  who  are  to  follow  me. 

Pbofessob  Dennis:  Mr.  Milo  H,  Stuart,  of  the  Manual  Training 
High  School,  has  been  requested  by  the  committee  to  ^)eak  on  the  subject 
of  High  Schools.  He  was  principal  of  the  High  School  at  St.  Paul  before 
coming  here,  and  Is  certainly  as  well  qualified  to  speak  from  that  stand- 
point as  any  member  of  the  Academy. 

Professor  Milo  II.  Stuart:  Mr.  Toastmaster,  Ladies  and  Gentle- 
men :  It  is  easy  to  see,  in  the  splendid  addresses  to  which  we  have  been 
listening,  why  the  Academy  has  endeared  itself  to  the  people  of  Indiana. 
I  would  be  pleased  to  add  other  reminiscences  if  I  could  do  so,  but  I  am 
too  late  a  recruit  to  make  any  contribution  along  that  line. 

Coming  from  the  High  School  field,  I  naturally  think  of  the  work  of 
the  Academy  from  that  standpoint.  As  we  have  heard  these  inspiring 
addresses  today  I  have  been  thinking  how  fine  it  would  be  if  every  science 
teacher  of  the  State  of  Indiana  could  have  been  Induced  to  come  to  this 
fount  of  Inspiration.  I  believe  lie  would  have  gone  back  to  his  classes 
with  fresh  ardor. 

We  all  remember  when  we  left  our  Universities  and  got  into  original 
work,  how  great  a  pleasure  It  was  to  feel  that  we  had  contributed  just  a 
little  to  the  volume  of  knowledge.  The  compensation  that  comes  from 
that  kind  of  labor  is  certainly  very  great,  and  it  seems  to  me  If  the  teach- 
ers of  the  State  could  come  Into  touch  with  the  i>eople  who  are  doing  It, 
they  would  feel  their  load  a  great  deal  lighter.  I  know  they  would  take 
back  to  their  boys  and  girls  inspiration  that  would  fast  make  scientists  out 
of  them. 

This  Academy  of  Science  marks  its  twenty-fifth  milestone  today,  and 
its  face  is  set  toward  the  golden  anniversary.    I  am  reminded  of  the  story 
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of  the  Irishman  who  said  he  wished  he  knew  just  the  8ix>t  where  he  would 

die.    His  brother  aslied  him  what  he  wanted  to  Icnow  that  for,  and  he  said 

if  he  knew  the  exact  spot  he  would  spend  the  rest  of  his  life  keeping 

away  from  it.    So  I  think  the  Indiana  Academy  of  Science,  through  some 

of  its  officials,  must  have  discovered  the  H\K>t  where  it  might  die,  and 

started  in  the  opposite  direction,  and  we  are  twenty-five  years  removed 

from  that  place  tonight. 

That  leads  me  (with  apologies  to  Tennyson)   to  conclude  by  saying, 

that 

Scientists  may  come  and  scientists  may  go, 
But  the  Academy  goes  on  forever. 

(Applause.) 

PBon':ssoB  Dennis:  Every  word  I  said  in  introducing  Dr.  Jordan  is 
true  of  the  next  si)eaker;  every  teaclier  in  the  state  would  forgive  me  for 
saying  that  after  Dr.  Jordan  left  us  he  became  our  premier.  There  was. 
however,  one  difference.  Dr.  Jordan,  as  President  of  the  State  University, 
had  for  his  rule  a  motto  "Die  Luft  der  Frelheit  weht." 

Tlie  students  hardly  knew  what  this  meant  but  finally  concluded  it 
was  "No  smoking  in  the  buildings."  Prof.  Coulter  succeeded  Jordan  and 
the  first  day  he  smoked  in  the  office.  (He  sometimes  smoked  in  those 
days.)  The  students  made  a  bonfire  of  their  l)e8t  hats: — ^they  had  had 
but  one  rule  and  now  they  had  none.  Prof.  John  M.  Coulter,  of  the  Uni- 
versity of  Chicago. 

Db.  John  M.  CJoulteb:  Mr.  Toastinaster  and  Friends:  All  these  an- 
cient and  new  members  of  the  Academy,  who  have  spoken,  have  about 
exhausted  the  subjects,  and  I  hardly  know  where  to  find  myself.  One 
thing  I  had  in  mind  when  Dr.  Jordan  was  suggesting  that  heredity  perhai)8 
determined  in  the  first  place  whether  a  man  was  going  to  do  anything  or 
not,  and  that  things  that  followed  were  more  or  less  auxiliary.  I  remem- 
l>er  to  have  heard  Dr.  Wiley  some  yeare  ago  raise  the  question  why  there 
were  so  many  s<*ientific  men  in  this  State  as  well  as  men  who  had  achieved 
more  or  less  distinction  in  other  callings.  He  answered  it  then  to  his  own 
satisfaction.  I  have  never  seen  it  tested,  but  he  concludetl  that  the  men 
in  Indiana  who  had  made  their  mark  in  science  or  in  any  of  the  other  i)ro- 
fessions  were  the  men  whose  early  life  had  been  spent  in  the  most  for- 
bidding parts  of  the  State  from  an  agricultural  i>oint  of  view,  and  that 
there  was  nothing  to  become  interested  in  except  education.  Just  how 
jnany  scientific  men  were  lined  up  in  this  roll-call.  1  do  not  know,  but 


04 

when  this  State  is  unable  to  prcKluce  anything  else,  It  can  produee  dis- 
tinguished raen. 

I  8upiK)se  a  charter  nienil>er  is  expet'ted  to  be  more  or  less  reminiscent, 
and  there  are  two  or  three  things  that  the  other  si>eakers  have  left  uu- 
mentioned. 

In  its  early  days,  twenty-five  years  ago,  this  Academy  meant  a  great 
deal  to  those  who  were  members,  and  for  two  or  three  reasons.  I  think 
Dr.  Jordan  and  Amos  Butler,  for  example,  will  l)ear  me  out  in  this.  In 
the  first  place  this  State  science  was  comparatively  new ;  it  was  new  to 
us,  new  to  the  State,  and  new  to  the  country.  We  came  together  as  a  set 
of  young  men  who  were  interested  in  a  new  thing  with  a  sort  of  fine  en- 
thusiasm with  respect  to  the  unknown  tliat  is  found  everywhere.  In  the 
next  place,  the  instruction  in  science,  with  which  all  of  us  were  more  or 
less  concerned,  was  just  as  new.  It  was  even  newer.  be<'ause  in  those  days 
the  position  of  .science  in  tlie  colleges  we  reprc^senteil  was  more  or  less 
doubtful  and  some  of  the  things  we  taught  were  often  Uniked  at  askance. 
The  whole  situation  in  the  matter  of  scientific  instrm-tion  was  In  its  very 
beginnings.  This  also  gave  us  a  fine  enthusiasm,  a  sort  of  feeling  of  ci>m- 
radeship  in  a  cam[>aign.  We  felt  the  necnl  of  companionship,  and  we 
tound  it  in  the  Academy.  We  would  come  here  from  our  various  colleges, 
full  of  enthusiasm,  and  talk  over  the  problems,  and  this  formeii  a  nucleus 
of  sentiment,  an  esprit  du  cori>s  that  first  developed  among  us,  and  which 
has  since  developed  and  given  to  the  Academy  the  plffnr  it  now  o<  uples  in 
the  State.  I  think  perhaps  a  feature  that  sustained  us.  and  tlnu  .lade  as 
nuich  for  the  solidarity  of  this  Academy  as  any  other,  was  that  one  of  our 
first  campaigns  in  the  State  was  educational.  Science  was  fighting  for  its 
life,  for  a  place  In  the  colleges.  There  was  another  association  that  met 
at  the  same  time  in  Indianapolis,  knovN-n  as  the  "College  Association,"  and 
one  of  the  functions  of  the  Academy  was  to  lay  plans  to  assault  that  "Col- 
lege Association."  I  remember  distinctly  one  of  the  things  we  had  to  com- 
bat. There  was  a  tendency  to  antagonize  the  Intellectual  tastes  of  the 
students  In  those  days,  and  one  of  the  old  professors  said  he  thought  that 
the  very  thing  a  student  nee<led  was  the  thing  he  disliked  the  most.  If 
he  disliked  mathematics,  make  him  take  It;  if  he  disliked  Greek,  make 
him  take  it.  That  was  one  of  the  educational  slogans  at  that  day, — every 
student  needs  what  he  dislikes.  I  have  an  idea  that  no  one  thing  could 
have  brought  us  closer  together  In  our  community  of  Interest  than  the 
discussion  of  these  educational  questions.. 
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But  today  you  are  threatened  by  a  danger  that  we  did  not  em  inter. 
Every  interest  brought  us  together;  every  impulse  was  to  come  here  to 
meet  friends  and  associates.  Now  the  tendency  is  rather  the  other  way. 
We  are  becoming  more  and  more  independent;  we  are  becoming  more  and 
more  narrow;  and  we  are  in  greater  danger  of  worliing  apart  than  ever 
before  In  our  history.  Many  fine  men  are  growing  up  who  have  the  very 
smallest  amount  of  interest  in  anything  that  is  going  on  outside  of  their 
own  field,  and  as  a  consequence  there  is  a  tendency  to  segregation  which 
I  feel  to  be  a  thing  that  must  be  combated. 

There  are  two  dangers  I  wish  to  call  to  your  attention,  two  dangers 
that  reunions  of  this  kind  will  help  to  correct.  One  of  these  is  the  matter 
of  personality,  the  kind  of  personality  tliat  can  only  be  developed  In  con- 
tact with  men,  that  cannot  be  develoijed  in  connection  with  one's  otvn 
theories  and  one's  own  way  of  looking  at  things.  It  is  the  kind  of  per- 
sonality that  influences  men  and  is  sympathetic  with  them,  and  can  only 
be  obtained  by  knowing  men,  thus  gaining  a  very  much  wMer  range  than 
is  possible  within  the  limits  of  one's  own  field.  It  seems  to  me  that  is  one 
of  the  striking  features  that  ought  to  be  thought  of  in  connection  with  this 
Academy.  Frankly,  I  think  that  papers  are  relatively  very  unimi>ortant 
things.  I  never  saw  very  much  Inspiration  in  papers.  The  inspiration 
comes  from  association  with  men,  and  that  is  the  thing  to  cultivate — this 
opportunity  to  associate  one  with  another. 

The  other  thing  .  _  are  in  danger  of  losing  sight  of,  and  which  this 
Academy  *aiii  correct,  Is  the  tendency  to  become  narrow  in  our  vision  and 
lose  our  perspective  of  the  whole  general  field,  not  only  of  science  but  also 
of  education.  You  will  find  that  as  scientific  men  become  less  and  less 
interested  in  other  fields  of  work,  as  they  grind  their  own  grooves  deeper 
and  deeper,  they  bet»ome  less  and  less  elTective  as  teachers  and  less  and  less 
influential  with  their  students.  You  will  find  men  with  broad  outlook, 
clear  and  wide  vision,  men  with  sympathy — and  men  can  only  get  these 
things  by  coming  in  contact  with  larger  fields  than  their  ovrti — are  the 
men  who  win  with  students. 

These  two  things  we  want  in  these  days,  men  with  sympathetic  per- 
sonality, with  a  broad  view  over  science  in  general,  with  an  appreciation 
of  the  work  of  others,  and  with  larger  view  of  education  as  well.  I  hear 
that  the  art  of  teaching  is  disappearing.  It  seems  to  me  that  the  fine  en- 
thnsiasm  which  a  teacher  must  impart  to  his  student,  is  in  danger  of  dJs- 
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appearing  from  our  scientific  laboratories,  wliicli  are  too  uiueli  in  danger 
of  becoming  mere  factories. 

Your  number  Is  ro  small  tliat  you  can  really  know  one  another  and 
can  know  the  work  that  Is  l)eing  done  by  one  another,  and  that  is  just 
the  sort  of  thing  you  need.  You  do  not  need  to  come  here  for  training  in 
science;  the  Academy  is  no  place  for  training,  it  is  for  association  and  per- 
sonal inspiration.     (Applause.) 

Pbofessor  Dennis  :  Ivadies  and  (ientlemen  :  Some  years  ago  "plank- 
ton" got  into  the  reservoir  of  our  waterworks  at  Uichmond,  and  we  were 
a  unit  that  we  could  not  get  along  with  it  there  any  longer,  and  when  we 
set  out  to  procure  a  remedy  we  found  that  sucli  a  remedy  had  been  worked 
out  by  a  member  of  this  Academy,  and  this  man  is  the  one  I  will  now  call 
on  to  speak.  lie  is  a  graduate  of  Wabash  College.  lie  Is  the  inventor  of 
a  means  of  culture  for  the  nitrifying  l>acteria  of  the  »oll,  which  invention 
he  did  not  patent,  but  gave  to  the  American  i»eople.  This  puts  us  all  under 
obligations  to  him. 

Mr.  George  T.  Moore,  of  the  Botanical  Gardens  of  St  r>ouis.  (Ap- 
plause. ) 

In  his  resiKjnse  Mr.  Moore  called  attention  in  a  humorous  way,  to  some 
of  the  advantages  of  scientific  knowledge,  and  in  conclusion  presented  the 
greetings  and  l>est  wishes  of  the  St.  I^ouls  Academy  of  Science  and  the 
Missouri  Botanical  Garden. 

Professor  Dennis  :  A  number  of  telegrams  and  letters  have  been  re- 
ceived since  the  adjournment,  and  I  will  ask  Prof.  Butler  to  read  them 
now. 

(The  letter  of  Dr.  Wiley  is  appended  as  it  was  the  basis  for  action  in 
the  closing  session  on  Saturday  moniing). 

Washington,  D.  C,  Nov.  22,  1909. 

Mr.  A.  W.  Butler,  Indianapolis,  Indiana. 

Dear  Mr.  Butler — I  have  received  from  you  and  other  members  of  the 
Academy  of  Science,  cordial  invitations  to  be  present  at  the  25th  anni- 
versary meeting,  November  25th-27th,  1999.  Should  I  consult  my  personal 
desires  I  would  surely  accei)t  the  Invitation.  Just  at  this  time,  however, 
two  extremely  important  cases  are  in  preparatlwi  for  trial  before  the 
United  States  courts,  (1)  the  use  of  borax  In  foods,  and  (2)  the  use  of 
l)eroxidos  of  nitrogen  in  bleached  flour.  I  am  comi)elled  to  give  every  mo- 
ment of  my  time  to  the  preparation  for  these  cases,  the  first  one  of  which 
^i}l  be  called  in  the  fec^eral  court  ii^  Peoria  on  the  8th  of  December.     I 
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therefore  am  constrained  by  reason  of  these  public  duties  to  decline  the 
Invitation  to  be  present  at  the  meeting  of  the  Academy  of  Science.  I  want 
to  say,  however,  just  one  word  to  the  meml>ers  of  the  Academy,  and  that 
Is  a  word  of  congratulation  on  the  work  which  has  l>een  accomplished  by 
the  Indiana  Academy  of  Science  in  the  quarter  of  a  century  which  has 
passed. 

I  do  not  l)elieve  that  any  state  association  in  the  country  of  a  sim- 
ilar character  has  accomplished  so  much,  nor  has  brought  together  a  band 
of  men  more  devoted  to  research,  more  single  in  puri)08e  and  more  enthu- 
siastic in  the  pursuit  of  scientific  truth.  Many  of  the  members  of  the  Asso- 
ciation have  from  time  to  time  gone  out  into  other  parts  of  the  country  to 
pursue  their  work  in  other  States.  Not  one  of  them,  I  believe,  has  lost 
his  love  for  the  Academy  nor  parted  with  his  devotion  to  its  cause  and 
welfare. 

1  have  been  reading  lately  some  of  the  early  history  of  Indiana  in  its 
political  and  literary  development.  I  should  like  to  suggest  that  some  mem- 
ber of  the  Society,  before  the  data  are  scattered  and  while  it  is  still  pos- 
sible to  derive  from  the  mouths  of  living  witnesses  important  facts,  should 
write  the  history  of  early  scientific  education  in  Indiana,  beginning  with 
the  work  of  the  Owens  at  New  Harmony,  almost  a  hundred  years  ago,  and 
bringing  it  up  to  the  era  of  the  establishjnent  of  the  new  science,  say  al)out 
to  1875,  or  1880.  To  write  the  work  of  scientific  research  of  Indiana  in 
the  last  twenty-five  years  would  be  too  much  of  an  undertaking  for  any 
one  man,  but  the  greatest  interest  would  attach  to  a  history  of  tlie  scien- 
tific development  of  Indiana  from  the  time  of  its  beginning,  or  a  little  after, 
up  to  the  date  which  I  have  mentioned  above.  I  feel  sure  that  there  are 
enthusiastic  and  industrious  members  of  the  Society  who  would  undertake 
to  do  this,  either  by  collaboration  or  by  helping  some  one  who  would  vol- 
ontarily  assume  the  burden  of  the  work.  Scientific  men  of  Indiana  whose 
experience  goes  back  of  1875  might  contribute  i^ersonal  recollections  of 
scientific  development  which  would  prove  of  intense  interest  The  scien- 
tific work  of  the  early  colleges  of  Indiana  is  worth  the  most  careful  study 
and  would  make  interesting  chapters  in  the  history  of  those  days  when 
the  study  of  science  was  not  considered  to  be  a  requisite  for  a  liberal  edu- 
cation as  it  is  at  the  present  time.  The  story  of  the  work  of  such  men  as 
U.  T.  Brown,  E.  T.  Cox,  Dr.  Levette,  John  Cobum,  and  others  of  that  class 
would  make  most  interesting  contributions  to  a  work  of  this  description. 
At  the  present  time  when  there  is  so  much  interest  in  the  early  political 
and  literary  history  of  the  State  it  seems  to  me  the  scientific  history  should 
not  be  neglected. 

I  had  hoped  to  present  and  read  some  paper  of  a  scientific  character 
at  the  meeting,  but  as  this  is  not  to  be,  I  should  like  to  present  in  lieu 
thereof  this  suggestion,  which  I  hoi>e  will  be  given  due  consideration,  be- 
cause if  it  can  be  carried  out  it  will  be  historical  as  well  as  a  scientific 
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work  which  will  prove  of  immeasurable  interest  in  the  near  future,  if  not 
at  the  present  time. 

I^t  me  close  with  the  hope  that  this  meeting  may  he  all  its  promoters 
have  intended  it  should  be — a  feast  not  only  of  science  but  of  friendship — 
that  it  may  result  in  the  stronger  cementation  of  the  bonds  which  hold 
the  love  of  the  loyal  Iloosiers  firmly  to  the  State,  and  excite  a  pride  in  the 
scientific  work  of  Indiana  which  may  rival  that  which  so  Justly  exists  re- 
specting its  literary  accomplishments. 

Sincerely, 

H.  W.  Wiley. 

PiiOFEssoR  Dennis:  The  Committee  wishes  to  honor  many  more  mem- 
bers of  the  Academy  by  asking  them  to  speak  to  you  this  evening,  but  on 
account  of  the  lateness  of  the  hour  we  will  have  to  restrict  the  number. 
I  will  now  call  on  our  old  comrade,  Prof.  W.  A.  Noyes,  of  the  University 
of  Illinois. 

Professor  W.  A.  Noyes  :  Mr.  Toastmaster,  Ladles  and  Gentlemen : 
I  have  been  resting  very  quietly  and  easily  all  the  evening,  not  seeing  my 
name  on  the  program,  and  not  having  the  slightest  hint  that  I  would  be 
called  upon.  It  Is  surely  a  very  great  pleasure  to  be  here,  and  I  would 
like  to  say  just  a  word  about  the  old  times  when  the  Academy  started.  I 
believe  I  was  one  of  the  charter  members,  and  one  of  the  things  I  remember 
of  that  time  was  the  discussion  in  regard  to  the  name  that  we  shou^ld 
adopt.  It  was  finally  agreed,  If  I  remember  correctly  on  the  recommenda- 
tion of  Dr.  Jordan,  that  we  should  call  It  the  Indiana  Academy  of  Science, 
not  the  Indiana  Academy  of  Sciences.  I  think  that  In  his  mind  and  in 
ours,  as  we  selected  that  name,  was  the  thought  that  after  all  there  should 
be  but  one  science,  which  is  all-embracing,  and  I  feel  that  as  one  of  the 
ideals  of  the  Academy  It  has  been  of  the  greatest  value  to  us.  As  we  come 
together  In  these  meetings  of  the  Indiana  Academy,  we  feel  that  no  mat- 
ter how  separated  our  lines  of  work  may  be,  how  different — so  different 
sometimes  that  we  can  understand  but  little  of  each  other's  language — 
yet  after  all  we  are  simply  working  in  different  parts  of  one  great  whole 
of  scientific  knowledge,  and  that  it  is  our  place  to  look  at  our  part,  our 
field,  as  merely  one  part  of  the  whole,  all  parts  of  which  may  in  some  way 
or  other  touch  our  own.  And  this  opportunity  of  seeing,  of  catching  even 
a  little  glimpse  of  this  work  that  is  so  far  removed,  perhaps,  from  our  own, 
and  the  acquaintance  of  these  men  who  are  working  in  the  different  fields. 
Is,  it  seems  to  me,  one  of  the  features  of  greatest  value  In  these  friend- 
ships and  associations  which  we  have  made  here  in  this  Academy. 
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Pbofessob  Dennis:  We  shall  now  hear  from  Professor  Charles  W. 
fireene,  of  the  Uinversity  of  Missouri. 

Pbof.  Charles  W.  Grkene  :  Mr.  Toastmaster :  It  seems  rather  un- 
fortunate that  a  man  such  as  I,  of  no  ability  as  a  speaker,  should  be 
called  upon,  but  I  will  do  the  best  I  can  to  express  the  feeling  of  enthusi- 
asm and  encouragement  this  meeting  has  given  me.  It  has  been  a  great 
pleasure  to  meet  so  many  friends  and  to  recall  old  times  when  the  Aca- 
demy first  began,  the  time  when  at  DePauw,  through  the  genial  personality 
of  Professor  Jenkins,  we  began  to  catch  the  scientific  spirit.  I  remember 
my  first  meeting  with  the  Academy  was  at  Greencastle.  We  went  out  on 
a  field  excursion  and  we  younger  men  were  brought  into  intimate  eon- 
tact  with  the  stimulating  personal  enthusiasm  which  always  characterizes 
Indiana  sci^itists. 

I  think  one  of  the  features  of  this  meeting  has  been  the  showing  of 
the  great  tolerance  that  has  been  developed  in  our  scientific  lines  of 
thought.  Dr.  Coulter  showed  us  that  this  morning.  It  is  certainly  very 
encouraging  to  the  physiologist  to  learn  that  in  the  life  of  the  plant,  In 
its  growth  from  the  Plasmodium,  it  is  not  predestined  to  go  through  any 
fixed  and  inflexible  schedule  of  development  I  felt  at  the  time  that  prob- 
ably the  calm  cold  conservatism  of  morphology  was  yielding  to  the  seduc- 
tive charms  of  physiology  a.*;  expressed  in  environment,  that  a  new  era  in 
botany  was  still  possiblie  to  us.  That  was  not  the  old  botany  but  a 
glimpse  of  the  new. 

Pbofessob  Dennis:  Dr.  Evermann  for  a  long  time  a  member  of  the 
Academy  is  with  us  and  will  tell  us  what  members  of  the  Academy  are 
doing  in  Washington.  He  represents  the  Atlantic  here  as  Dr.  Jordan  the 
Pacific.  He  gave  us  last  night  an  account  of  a  fishing  trip  to  the  "Tiptop 
of  the  United  States"  but  he  did  not  produce  his  "records  or  his  instru- 
ments'* or  even  his  fishes;  he  gave  us  only  fish  stories.  Perhaps  he  has 
the  real  article  with  him  this  evening.  Dr.  Barton  Warren  Evermann  of 
the  U.  S.  Fish  Commission. 

Db,  Babton  W.  Evebmann  :  Mr.  Toastmaster  and  Amos  Butler — or 
the  Indiana  Academy — they  mean  the  same  thing.  I  have  l>een  looking  at 
this  program  ever  since  I  came  into  the  room,  and  I  notice  what  my  friend, 
Dr.  Coulter,  also  noticed,  and  mentioned  in  his  remarks — the  toast  imme- 
diately following  my  name,  which  I  fear  bears  some  relation  to  what  I 
have  already  said  or  what  I  may  say  in  this  meeting.     "I^ord,  Ix^rd,  how 
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this  world  Is  given  to  lying !"  But  I  am  glad  Dr.  Coulter  noticed  this  and 
put  In  a  disclaimer,  thus  relieving  me  to  some  extent  of  the  suspicion  that 
ray  fish  stories  were  the  only  ones  in  mind. 

I  would  like  to  say  a  word  regarding  those  of  the  Indiana  Acade- 
my who  are  now  in  Washington,  and  to  tell  you  something  of  what  they 
are  doing.  I  noticed,  perhaps  you  noticed,,  in  a  recent  magazine,  a  long 
article  on  "The  Plunderers  of  Washington."  There  were  a  dozen  or  more 
of  them,  and  I  am  glad  to  say  to  you  that  there  was  not  among  these 
plunderers  who  were  pictured  in  this  article,  any  Washington  member  of 
the  Indiana  Academy.  We  all  escaped  that  distinction  at  least!  I  think 
I  can  also  say  that  no  member  of  the  Indiana  Academy  in  Washington  has 
been  seriously  involved  in  the  Cook-Peary  controversy.  We  have  kept 
clear  of  that,  also.  If  there  is  anything  the  Indianlan  learned  long  ago,  it 
is  to  take  care  of  himself  and  not  to  get  into  embarrassing  situations  need- 
lessly. So  in  this  case  the  members  of  the  Indiana  Academy  have  read  the 
very  interesting  article  by  George  Kennan  in  the  Outlook  which  proved 
very  conclusively  that  Dr.  Cook  did  not  have  more  than  one-tenth  of  the 
pemmican  necessary  to  enable  him  and  his  dogs  to  reach  the  North  Pole. 
They  took  that  for  what  it  was  worth,  and  waited  for  something  further. 
Then  in  another  magazine  some  man  from  the  West  had  the  whole  thing 
figured  out,  showing  that  Kennan  had  Cook's  dogs  continuing  to  eat 
pemmican  at  the  rate  of  a  pound  a  day  even  after  they  were  dead  and  the 
Indiana  Academy  people  in  Washington  hope  Kennan  may  be  able  to  ex- 
plain why  and  how  they  did  such  an  unusual  thing. 

Several  of  your  friends  in  Washington  are  engaged  in  very  interesting 
work  which  has  an  important  bearing  upon  matters  in  this  State.  Our 
good  friend,  Dr.  Wiley,  the  most  distinguished  Washington  member  from 
this  State,  is  still  continuing  his  pure  food  work  and  trying  to  answer  the 
question  "What  is  whisky?"  Dr.  Hay,  a  former  President  of  tiie  Academy, 
and  now  in  Washington,  is  trying  to  determine,  no  doubt  for  the  benefit  of 
the  Academy,  the  age  of  the  Ceratops  beds  in  Wyoming,  Idaho  and  Mon- 
tana. 

One  matter  that  I  think  will  be  of  some  Interest  to  you  here  In  the 
Mississippi  Valley,  is  that  the  Bureau  of  Fisheries  is  establishing  a  bio- 
logical station  at  Fairport,  Iowa,  in  the  interest  of  pearls  and  the  pearl 
button  industry,  a  matter  which  will  appeal  to  the  ladies.  There  was  es- 
tablished some  few  years  ago  a  small  button  factory  at  Davenport.     A 
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German  came  over  and  saw  tlie  great  numbers  of  mussels  in  the  Mis- 
sissippi River,  and  thouglit  tliey  might  make  good  buttons.    lie  began  ex- 
perimenting and  soon  demonstrated  that  they  were  well  adapted  to  this 
punwse,  and  now  more  than  fifty  thousand  tons  of  these  fresh-water  mus- 
sels are  used  annually.    This  is  a  greater  quantity  than  natural  produc- 
tion can  supply.    The  supply,  of  course,  cannot  keep  up.     Fifty  thousand 
tens  a  year  will  soon  use  up  the  supply.    The  Bureau  of  Fisheries  realized 
tlie  i)08sibility  of  an  early  depletion  of  the  supply  of  shells  and  arranged 
witli  Professors  Ix>fevre  and  Curtis  of  the  University  of  Missouri  to  ex- 
I»eriment  and  see  If  they  could  not  develop  a  method  for  the  artificial  prop- 
agation of   fresh-water  mussels;   and  they  have  succeeded,   so  that  the 
l>ropagation  of  fresh-water  mussels  will  soon  be  an  easy  proposition.    Con- 
gress made  an  appropriation  for  a  biological  station  in  which  these  experi- 
ments may  be  carried  forward.    We  have  acHjuired  sixty-five  acres  of  land 
at  Fairiwrt,  and  the  construction  work  is  now  going  on  at  that  place.     It 
is  the  ambition  of  those  who  are  particularly  interested  in  that  station  to 
see  there  a  station  which  will  appeal  to  every  biologist  in  the  Mississippi 
basin.    We  want  to  make  it  a  fresh-water  biological  station  w'here  any  bi- 
ologist of  the  Mississippi  Valley  or  elsewhere  may  go  and  find  the  facili- 
ties and  material  for  the  study  of  any  fresh-water  biological  problem  in 
which  he  is  interested;  and  the  Bureau  of  Fisheries  not  only  hopes  you 
may  avail  yourselves  of  the  advantage  of  the  station  when  completed  but 
most  cordially  invites  you  to  do  so. 

Again  on  behalf  of  the  Washington  contingent  I  extend  greetings  to 
the  Indiana  Academy  of  Science.     I  thank  you. 

Professor  Dennis  :  I  hope  you  will  permit  me  to  take  another  min- 
ute. Reference  has  been  made  again  and  again  to  the  large  number  of 
splendid  men  who  have  gone  out  from  this  Academy.  It  would  be  equally 
proper  to  refer  to  the  large  number  of  valuable  men  who  have  come  into 
the  Academy.  Reference  was  made  this  morning  by  Mr.  William  Watson 
Woollen  to  the  fact  that  the  Audubon  Society  was  an  offspring  of  this  Aca- 
demy. I  am  sure  the  mother  of  that  Society  was  necessity,  and  the  father 
of  that  Society  as  well  as  of  this  was  Amos  Butler.  I  ask  now  that  the 
Academy  stand,  and  drink  the  health,  in  cold  water,  of  Amos  Butler,  the 
father  of  the  Indiana  Academy  of  Science.     (Applause.) 
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MINXJTES  OF  THE  TWENTY-FIFTH 
ANNUAL  MEETING 

Indiana  Academy  of  Science 

CLAYPOOL    HOTEL,    INDIANAPOLIS,    INDIANA, 

Nov.  25,  26,  27,  1001). 


Friday  Morning ,  November  20 y   1909. 

Meeting  called  to  order  by  the  l*resident.  Dr.  A.  L.  Foley. 

Reading  of  tlie  minutes  dispensed  with. 

Dr.  Foley:  We  will  now  have  the  minutes  of  the  Executive  session 
of  last  evening. 

Assistant  Secretary  Biqney  :  The  Indiana  Academy  of  Science 
met  in  the  Claypool  Hotel  at  four  p.  m.,  November  25th.  Eleven  members 
were  present  and  several  visiting  members  of  the  Academy. 

Members  present  were:  A.  L.  Foley,  President;  J.  H.  Ransom,  Secre- 
tary; A.  J.  Bigney,  Assistant  Secretary;  Robert  Hassler;  John  S.  Wright; 
Carl  L.  Mees;  W.  S.  Blatchley;  M.  B.  Thomas;  C.  II.  Eigenmann;  A.  W. 
Butler;  D.  S.  Jordan. 

A.  L.  Foley,  President  of  the  Academy,  In  the  chair. 

The  report  of  the  Committee  on  the  25th  meeting,  by  A.  W.  Butler,  as 
printed  on  program,  with  several  additional  papers,  was  read. 

0.  W.  Benton,  J.  S.  Wright  and  J.  W.  W^oodhams  reported  that  all 
plans  for  the  banquet  had  been  made. 

Membership  Committee  made  no  report.  Rei)ort  of  State  Library 
Committee  was  made  by  J.  S.  Wright  -He  stattnl  that  the  Proceedings  of 
the  Academy  were  being  cared  for  in  good  order  and  that  many  volumes 
had  been  bound. 

No  report  from  Committee  on  Weeds  and  Dlseiises. 

No  report  from  Directors  of  Biological  Survey. 
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No  report  from  Committee  on  Relations  to  tue  State. 

Committee  on  Distribution  of  Proceedings  reported  tlirougli  J.  S. 
Wrigtit     All  work  had  been  performed. 

Editorial  Committee,  by  H.  L.  Bruner,  reported  work  done  as  ordered. 

Report  of  Secretary  on  non-resident  list  was  taken  up.  On  motion 
it  was  decided  to  place  only  those  members  on  the  non-resident  list  who 
had  dcme  work  of  marked  credit  to  the  Academy.  The  list  was  passed 
on  by  the  Executive  Committee. 

Deaths  of  Dr.  Gray  and  W.  H.  Ragan  reported.  Committee  on  Reso- 
lutions appointed,  consisting  of  C.  L.  Mees,  A.  W.  Butler  and  G.  W.  Benton. 

Bills, of  exi)ense  were  reported  by  A.  W.  Butler.  They  were  referred 
to  Auditing  Committee. 

Foreign  Exchange  list  ordered  to  be  revised  and  printed  In  next  re- 
port. 

Summer  nie**ting  to  be  passed  on  tomorrow. 

Committee  on  Fellows  also  to  consider  a  list  of  Honorary  Fellows. 

It  was  voted  to  place  ^25.00  at  the  disposal  of  the  Secretary  for  his 
official  duties. 

Resolution  from  California  Academy  of  Science  read. 

Dr.  Jordan  extended  greeting  from  the  California  Academy  of  Science, 
and  thanks  for  books. 

Committee  of  two  on  Fellows  was  ordered  to  be  appointed  by  Academy. 

Motion  that  the  chairmen  of  ('ommittees  l>e  retained,  committees  to 
l)e  filled  by  chairmen. 

Auditing,  Membership,  Program  and  Nominating  Committees  not  to 
be  covered  by  previous  motion. 

On  motion  G.  W.  Benton  was  cliosen  as  another  AssistJint  Secretary. 

Adjourned. 

.T.  11.  RANSOM,  Secretary. 
A.  J.  BIGNEY,  Assistant  Secretary. 

(Report  adopted  as  read.) 

Db.  Foley:  I  will  now  call  on  Mr.  A.  W.  Butler  to  make  a  statement 
in  regard  to  this  meeting  of  the  Academy. 

Mb.  a.  W.  Butleb:  Mr.  Chairman,  and  Members  of  the  Academy: 
The  program  as  printed,  and  which  I  supi>ose  the  most  of  you   have  in 
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your  hands,  has  on  It  a  list  of  sixty-three  paiKjrs.  There  are  six  additional 
pai)er8  which  have  been  added.  One  of  these,  a  paper  by  Prof.  M.  B. 
Thomas,  was  omitted  from  the  original  list  The  additions  are  as  fol- 
lows : 

^-The  Wood  Lot,"  M.  B.  Thomas. 

**The  Nasal  Muscles  of  Vertebrates,"  IL  L.  Bruner. 

"Streamers  that  Show  Reversal  of  Curvature  in  the  Corona  of 

1893,"  J.  A.  Miller. 
**0n  a  New  Complex  Copper  Cyanogen  Compound,"  A.  R.  Middle- 
ton. 
"Determination   of   Bndothermic   Gases   by   Combustion,"    A.    R. 

MIddleton. 
"That  Erroneous  Hiawatha,"  A.  B.  Reagan. 

This  brings  the  number  of  papers  up  to  sixty-nine. 

At  the  conclusion  of  the  business  of  the  meeting  there  will  be  re- 
HiK>nses  from  other  State  societies,  some  six  or  eight  in  number. 

The  program  as  printed  indicates  a  banquet  this  evening,  to  which 
attention  has  been  called,  and  the  program  for  which  will  be  announced 
later. 

The  program  for  tomorrow  morning  is  also  printed  here,  including 
four  principal  addresses,  and  suggestions  as  to  plans  for  the  Academy. 

I  want  to  say  in  behalf  of  the  Committee  on  the  Twenty-fifth  Anni- 
versary that  we  have  l)een  very  much  gratified  by  the  interest  that  has 
been  taken  by  the  educational  and  scientific  societies  throughout  the  State. 
Tlie  Indiana  Medical  Association,  the  Historical  Society,  the  Teachers*  As- 
sociation, and  a  number  of  other  associations  have  by  formal  resolution 
recognized  this  twenty-fifth  meeting,  and  several  of  them  have  appointed 
delegates  to  attend  the  meeting. 

I  would  also  like  to  call  attention  to  the  fact  that  we  have  had  a 
very  large  number  of  congratulatory'  letters  on  the  period  we  have  ar- 
rived at  in  the  history  of  this  Society,  and  there  are  three  I  would  like  to 
call  attention  to.  One  is  from  one  of  the  ex-Presidents  whom  we  always 
delighted  to  honor,  Mr.  T.  C.  Mendenhall.  He  Is  at  present  in  Europe  In 
search  of  health,  and  as  he  cannot  be  present,  sends  his  congratulations. 
Also  a  letter  from  Professor  Goss,  of  the  University  of  Illinois,  who  had 
expected  to  be  present  until  he  found  that  this  date  is  the  same  as  that 
of  the  dedication  of  their  new  Physics  building,  so  he  could  not  come. 
Also  one  from  Prof.  Kingsley,  of  Tufts  College,  Mass.  These  three  letters 
^re  particularly  earpest  and  cordial  in  their  words  of  greeting. 
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We  hoije  you  will  And  everything  arranged  for  your  (•omfort  and  con- 
venience, and  beg  to  assure  you  that  if  anything  has  been  overlooked  or 
if  there  is  anything  you  do  not  like  in  connection  with  the  arrangem«its, 
we  are  sorry  that  such  is  the  case.  The  Committee  tried  to  do  its  beet 
(Applause.) 

Dk,  Foley  :  I  will  now  call  for  reports  from  the  different  standing 
committees. 

Program  Committee,  Mr.  W.  J.  Moenkhaus,  chairman:  (This  r^K)rt 
included  in  the  statement  of  Mr.  Butler.) 

Membership  Committee: 

(Moved  and  seconded  that  the  Secretary  cast  the  ballot  of  the  Academy 
for  the  names  read.  Carried,  and  persons  declared  members  upon  sign- 
ing of  the  Constitution  and  i>ayment  of  dues.) 

Treasurer's  report,  Mr.  W.  A.  McBeth,  Treasurer: 

To  the  Indiana  Academy  of  Science: 

On    hands,    last   report ^24  30 

Received  dues  and  fees  for  1900 95  50 

$519  89 

Expended  as  per  receipts  and  vouchers 118  67 

Balance  on  hand $401  22 

The  papers  and  vouchers  are  ready  for  the  Auditing  Committee. 

W.  A.  McBETH,  Treasurer. 

State  Library  Committee,  J.  S.  Wright,  chairman:  (Postponed  until 
later,  when  State  Librarian  Brown  will  make  the  report) 

Committee  on  Restriction  of  Weeds  and  Diseases :     No  report. 

Directors  of  Bioligical  Survey :     No  report. 

Relations  of  Academy  to  the  State :    No  report. 

Distributions  of  Proceedings,  J.  S.  Wright,  chairman : 

Mb.  Wbight:  There  is  no  special  report  to  make.  The  Committee 
has  the  work  in  hand.  We  are  now  engaged  in  compiling  a  domestic  ex- 
change list 

Committee  on  Election  of  Fellows :     Passed. 

Report  of  Advertising  Committee:  (Included  in  statement  of  Mr. 
Butler.) 
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Ueiwrt  of  Editor : 

Mb.  II.  L.  Brunbk:  The  Proceedings  for  1*J08  were  publistied  in  the 
usual  form.  Each  contributing  author  also  received  one  hundred  free  re- 
prints of  his  own  article.  (No  reprints  of  absti'acts  were  furnished.)  The 
financial  part  of  my  report  is  as  follows:  ' 

Bidance  in  State  lYeasury   from   11K>8 $244  1)8 

Appropriation  for  fiscal  year  1909* 000  00 

Total   $844  1)8 

Cost  of  Proceedings  for  11)08    $438  74 

Ck>8t  of  reprints  for  1908   85  (58 

Total    524  42 

Balance  available  for  fiscal  year  1910 $;i20  5<> 

Appropriation  for  fiscal  year  1910 1,200  00 

Total   available  for  printing  the  Proceedings  of 

1909    $1,520  50 

1  wish  to  call  the  attention  of  the  members  of  the  Academy  to  one  or 
two  matters.  First  in  regard  to  the  editorial  statement  on  the  program. 
We  desire  that  papers  be  in  the  hands  of  the  editor  or  secretary  as  early 
as  possible,  in  order  that  the  Proceedings  may  be  gotten  out  more  promptly 
than  last  year.  Reprints  will  be  furnished  of  all  papers  printed,  excepting 
abstracts,  and  these  may  be  furnished,  if  request  is  made.  These  re- 
prints are  paid  for  by  the  State  Printing  Board. 

I  desire  to  ask  for  suggestions  as  to  changing  the  style  of  binding  and 
improving  the  quality  of  the  \m\yer  for  the  coming  year. 

I  would  also  ask  that  each  one  sending  a  i)aper  for  publication  should 
give  his  address  on  the  i)ai)er,  so  proof  can  be  sent  and  the  reprints 
mailed.  This  is  a  very  important  thing  and  I  hope  it  will  not  be  over- 
iool^ed. 

Db.  Foley  :    Does  anyone  have  any  suggestions  to  make? 

Mb.  J.  S.  Wbight:     I  am  sorry  to  occupy  so  much  time  on  the  floor 

• 

tills  morning,  but  I  feel  there  is  one  thing  that  should  be  rec(>gnize<l,  and 
tlint  is  the  fact  of  the  service  rendered  the  Indiana  Academy  of  Science 
by  the  past  r*resident.  Mr.  Glenn  Culbertson,  who  succeeded  in  doubling 
the  amount  of  money  available  for  publishing.     We  now  have  $1,200  per 

^The  fiscal  year  1909  besraq  Oct  1, 1906.  and  closed  Sept.  30, 1909. 
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year,  as  against  $(i(K)  before  Mr.  Culbertsoii  took  tills  in  liaud.     I  thiiili 
tliis  Academy  owes  him  a  debt  of  gratitude.     (Applause.) 

Dr.  Foley:  I  wish  to  second  what  Mr.  Wright  has  said.  I  also  wish 
to  point  out  another  fact,  that  formerly  any  money  left  reverted  to  the 
State,  while  now  it  can  be  carried  over  until  the  next  year. 

Are  there  any  other  suggestions? 

Mr.  M.  B.  Thomas:  It  seems  to  me  it  would  be  best  to  improve  the 
quality  of  the  paper  and  printing,  and  possibly  of  the  illustrations,  but  that 
this  matter  should  be  left  to  the  Committee  on  Printing,  of  which  Prof. 
Bruner  is  the  chairman. 

(Taken  by  consent.) 

Mr.  Wright:     I  move  that  the  Academy  extend  a  vote  of  thanks  to 
Mr.  Culbertson  for  his  unusual  service. 
(Seconded  and  carried.) 

Report  of  Resolutions  Committee :     No  rei>ort  at  this  time. 

Mr.  G.  W.  Benton  :  I  would  like  to  suggest  that  the  Academy  is 
under  obligations  to  the  press  of  the  city  for  courtesies  extended,  in  giv- 
ing us  column  after  column  of  si>ace  for  advertising  this  meeting.  We 
have  been  unusually  privileged  in  this  regard,  and  I  think  it  is  proper  and 
courteous  that  we  should  recognize  it  in  some  definite  way.  Therefore  I 
move  that  we  extend  a  vote  of  thanks  to  the  press  of  the  city  for  courte- 
sies extended  to  the  Academy  in  announcing  this  Anniversary  meeting. 

(Seconded  and  carried.) 

Dr.  Stanlfa'  Coilter.  (for  the  Membership  Committee)  :  It  seems 
to  me  it  would  be  remarkably  pleasant  if  we  could  mark  this  twenty-fifth 
anniversjiry  by  a  large  Increase  in  membei'ship,  and  if  you  will  see  that 
applications  are  In  the  hands  of  the  committee  some  time  during  the  fore- 
noon, we  will  report  on  tliem  at  the  afternoon  session,  so  the  neophytes 
will  have  the  feeling  that  they  are  full-fletlged  members. 

After  an  anouncement  by  the  Treasurer  in  regard  to  payment  of  dues ; 
and  another  by  Mr.  Benton  regarding  the  banquet  tickets,  etc..  Dr.  Foley 
cfllled  on  Mr.  D.  C.  Brown,  the  State  Librarian,  to  report  in  regard  to  the 
Academy  and  its  relation  to  the  State  Library. 

Prof.  D.  C.  Brown  :  I  am  not  a  member  of  the  Academy  of  Science, 
but  as  State  Librarian  I  made  an  agreement  with  the  Academy  of  Science 
by  which  the  State  Librarian  is  to  classify,  catiilog  and  shelve  the  docu- 
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ments  and  reports  belonging  to  the  Academy,  making  them  subject  to  re- 
moval by  any  members  of  the  Academy,  and  subject  to  reference  by  the 
public.  I  am  very  greatly  interested  in  having  the  State  Library  the 
center  for  reference  of  the  entire  State  on  every  subject,  and  by  the  agree- 
ment made  with  the  committee  of  your  Academy  two  years  ago  this  work 
has  been  begun  and  is  progressing  fairly  well. 

The  agreement  was  that  the  catalog  department  of  the  State  Library 
should,  as  fast  as  i>osKible  and  as  fast  as  funds  would  allow,  proceed  with 
this  work.  Up  to  the  present  time  we  have  classified,  cataloged,  and 
made  analytical  catalogs  of  143  volumes  of  domestic  reports  and  96  for- 
eign reports,  making  a  total  of  239  volumes.  These  have  all  been  bound, 
and  there  are  about  one  hundred  volumes  at  present  ready  to  go  to  the 
bindery,  some  foreign  and  some  domestic.  These  volumes  are  systemat- 
ically cataloged  and  at  the  present  time  I  have  had  them  all  bound  alike 
in  good  buckram,  with  a  certain  kind  of  label  on  the  back,  with  "Academy 
of  Science"  at  the  top  and  the  library  call  number  at  the  bottom.  Inside, 
a  label  showing  to  whom  the  book  l)eIongs,  and  that  it  can  be  borrowed 
<  nly  by  tlie  meml>ers.  but  used  for  reference  by  the  gt?ncral  i)ublic.  I  am 
not  quite  sure  that  it  is  advisable  to  bind  all  these  b:)oks  in  exactly  the 
same  way,  but  it  makes  them  easily  understood  when  on  the  shelves. 
Members  can  tell  Instantly  that  that  book  belongs  to  the  Academy  of 
Science.  A  .separate  card  list  is  also  made  in  pencil  and  ink,  and  easily 
accessible  at  any  moment. 

1  fancy  you  all  understand  that  the  binding  is  paid  for  by  the  library, 
with  the  understanding  that  if  the  Academy  ever  withdraws  the  books  it 
must  pay  that  amount,  so  the  bills  for  binding  are  kept  separate,  and  the 
public  has  the  use  of  the  books,  nie  Academy  would  also  have  the  right 
to  have  the  cards  that  ai*e  made  showing  the  books  proi)erly  cataloged. 
Whether  that  will  ever  come,  I  do  not  know. 

I  am  stniggllng  as  best  I  can  for  a  State  Library  and  Historical 
Museum,  in  which  all  the  valuable  records  and  scientific  reports  of  the 
State  can  be  kept,  and  in  making  the  arginnent  for  that  I  have  said  that 
the  Academy  of  Science  would  help. 

I  do  not  know  that  I  can  make  any  further  statement  about  it,  only  to 
have  it  known  to  you  that  the  reports  are  catalogeil  now  about  as  fast  as 
they  come  in.  I  have  one  request  to  make — that  we  may  have  a  definite 
and  correct  list  of  your  foreign  exchanges,  your  domestic  exchanges,  and 
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your  membership.  I  have  had  considerable  trouble  about  that,  but  have 
worlied  it  out  fairly  well  so  far.  The  foreign  exchanges  are  made  through 
the  Smithsonian  Institute  at  Washington.  The  files  of  the  rei)orts  sent  to 
members  are  paid  for  by  the  Academy.  The  library  pays  for  the  others, 
and  through  the  library  they  are  distributed. 

I  am  very  anxious  that  the  meml)ers  come  to  the  library,  as  their 
coming  there  to  use  these  reports  will  make  it  known  to  the  public  that 
the  reports  are  there  and  can  be  used. 

I  believe  I  have  nothing  further  of  interest,  but  I  am  very  anxious  to 
see  you  in  the  library.     (Applause.) 

Dh.  Foi^v:  I  am  sure  I  voice  the  sentiments  of  tlie  Academy  when 
I  thank  our  Librarian  for  the  efforts  he  has  put  fortli  in  getting  the 
Academy  library  In  good  slmpe,  available  for  use. 

The  program  calls  for  greetings  from  the  various  other  scientific  so- 
cieties  after  the  addresses  of  tlie  morning.  I  ain  iufonued,  however, 
that  Mr.  Brossmann,  representing  the  Indiana  Engineering  S<K*lety,  is  here 
and  cannot  remain,  therefore  I  will  call  upon  Mr.  BrosHniaini  at  the  present 
time. 

Mr.  Brossmajm's  address  will  be  found  In  full  on  page  44. 

Dr.  Foley:  I  might  ask  if  there  are  any  other  representatives  of 
societies  here  that  cannot  remain  during  the  period.  If  so,  we  will  have 
the  greeting  at  this  time. 

There  Is  Just  one  other  point  that  might  be  taken  up  at  this  time, 
and  tiiat  is  the  (juestlon  of  a  summer  meeting.  The  question  was  men- 
tioned at  the  Executive  Committee  meeting  last  evening,  but  was  not 
settled.  Are  there  any  suggestions  as  to  whether  we  shall  or  shall  not  have 
a  summer  meeting?  I  think  the  Program  Committee  would  like  to  have 
an  expression  from  the  Academy.  It  does  not  wish  to  announce  a  meet- 
ing unless  somel)ody  meets.  On  the  otiier  hand,  it  does  not  wish  to  dis- 
continue this  meeting  if  it  is  the  desire  of  any  considerable  number  of 
members  to  continue  them.    What  Is  the  wish  of  the  Academy? 

If  no  one  has  any  suggestions,  I  will  call  on  Dr.  S.  E.  Barp,  who  fears 
he  may  not  be  able  to  remain  during  the  entire  morning,  to  resimnd  for 
the  Indiana  Medical  Society. 

Dr.  Earp's  remarks  will  be  found  in  full  on  page  40. 

(Mr.  P.  N.  Evans,  AMce-Presldont,  in  the  chair.) 
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Mr.  Evans:  We  will  now  proceed  with  the  regular  order  of  busi- 
ness, and  will  hear  the  President's  Address  by  Dr.  A.  L.  Foley,  of  Bloom- 
higton. 

Dr.  Foley's  address  will  be  found  on  page  89. 

Following  the  President's  address : 

Mb.  Evans:  Evidently  this  chair  sliould  be  occupied  by  a  physicist 
instead  of  a  chemist,  so  1  will  vacate  in  favor  of  Dr.  Foley.     (Applause.) 

Dr.  Foley:  It  now  gives  me  great  pleasure  to  introduce  one  who 
needs  no  introduction.  Dr.  John  M.  Coulter,  of  Chicago  University,  who 
will  speak  to  us  on  "Recent  Progress  In  Botany."     (Applause.) 

Dr.  Coulter's  address  will  be  found  on  page  101. 

Following  Dr.  Coulter's  address: 

Dr.  Foley  :  You  will  note  from  the  program  that  Dr.  Harvey  Wiley 
was  to  have  l)een  here  this  morning  to  address  us.  I  understand  Dr. 
Barnard  has  a  letter  from  Dr.  Wiley.  We  would  be  glad  to  hear  from 
Dr.  Barnard. 

Dr.  II.  E.  Barnard:  Mr.  President,  I  just  this  morning  received  a 
communication  from  Dr.  Wiley,  In  which  he  said  he  was  engaged  In  the 
preparation  of  a  very  important  case  involving  one  of  the  basic  principles 
of  the  Pure  Food  Law.  He  said  if  he  came  on  here  for  four  days,  he  did 
not  know  what  would  happen  to  the  ease,  and  that  while  he  would  be 
with  us  in  spirit  and  thought,  it  would  be  impossible  for  him  to  leave  his 
work  in  Washington  to  attend  this  convention.  He  sends  to  you  his  best 
wishes  and  hopes  for  a  successful  meeting. 

Dr.  Foley  :  You  will  note  from  the  program  that  we  now  have  greet- 
ings from  8evei*al  associations,  s<'ientllic  and  otherwise,  who  have  sent 
delegates  to  this  association  at  this  time.  I  will  call  first  for  the  Indiana 
Teachers'  Association,  through  its  President,  Mr.  Geo.  W.  Benton. 

(See  page  30.) 

Dr.   Foley:     We   will   now   hear   from   the   Indiana    Branch   of   the 
American  Chemical  Society,  through  Mr.  It.  B.  M(K>re. 
(See  page  42.) 

Following  the  various  society  greetings  the  Academy  adjourned  until 
2:00  p.  m. 


[6—23003] 
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Saturday  Morning y  November  27 y  1909. 
Meeting  called  to  order  by  President  Foley. 

(After  asking  the  meml)ers  wlio  had  not  already  done  so  to  leave  tbeir 
names  at  the  desk,  so  that  a  complete  list  of  those  in  attendance  at  this 
meeting  might  be  obtained,  Dr.  Foley  called  for  the  report  of  the  Commit- 
tee on  Resolutions,  Mr.  C.  L.  Mees,  chairman.) 

For  this  report  see  page  24. 

(Moved  and  carried  tluit  the  reiK>rt  be  adopted.) 

Db.  Foley  :  It  seems  to  me  that  the  Academy  Is  under  great  obliga- 
tions to  the  Program  Conuulttee,  esi)ecially  to  Mr.  Butler,  and  I  think  a 
vote  of  thanks  to  this  committee  would  be  In  order. 

(Moved  and  carried  that  a  vote  of  thanks  be  extended  to  the  Program 
Committee,  esi)ecially  Mr.  Butler,  f(»r  the  great  amount  of  work  that  ha.« 
l)een  put  on  the  program.) 

BEl'ORT  OF  NOMINATINd   COMMITTEE. 

Prt*sident,  P.  X.  Kvans,  Lafayette. 
Vice-President,  (.'lias.  U.  Drjer,  Terre  Haute. 
Secretary,  George  W.  Benton,  Indlanajiolls. 
Assistant  Se(»retar>',  A.  J.  Bigiiey,  Moorcs  IIIIl. 
Treasurer,  W.  J.  Moenkhaus,  Bloomlngton. 
Editor,  H.  L.  Bruner,  Indianapolis. 

(Moved  and  carried  that  the  report  be  accepted  and  that  the  Secretary 
cast  the  ballot  of  the  Academy  for  these  offcers.) 

REPORT   OF   AUDITING    COMMITTEE. 

We  have  gone  over  the  vouchers  of  the  Treasurer,  the  Program  CJoni- 
mlttee,  and  the  Editor's  ReiK)rt,  and  find  the  sums  have  been  done  cor- 
rectly. 

W.  J.  MOENKHAUS,  Chairman. 

(Moved  and  carried  that  the  re|)ort  Ik*  adoi)ted.) 

REPORT    OF    COMMirrEE    ON     MEMRERSIIIP. 

Thirty-five  additional  names  reported. 

Applicants  for  Membership  elected  by  vote  of  Academy,  1901). 

Thomas   Billings    West  Lafayette. 

Earl  (Jrinies   Russellville. 
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Earl  Rouse  Gleiiu  Brookville. 

A.  A.  Bourke  Edinburg. 

Geo.  Hall  Ashley  Indianapolis. 

James  Persons  Dimouds Washington,  D.  C. 

Guido  Bell    Indianai)olis. 

Florence  Anna  Gates  Wabash. 

Oscar  William  Silvey Bloomington. 

James  E.  Weyant  Indianapolis. 

John  W.  Woodhams  Indianapolis. 

Melvin  Knolen  Davis Terre  Haute. 

E.  Kate  Carman   Indianapolis. 

Paul  Anderson  Orawfordsville. 

Howard  J.  Banker  Greencastle. 

Charles  Alexander  Vallam  Indianapolis. 

Thad.  S.  McCulloch   Crawfordsville. 

Frank  Karlston  Mowrer  Marion. 

E.  M.  Deem   Frankfort. 

Milo  H.  Stuart   Indianapolis. 

Charles  Ruby  Moore   West  Lafayette. 

L.  R.  Hesler  Crawfordsville. 

Martha  Hunt   Indianapolis. 

Brenton  L.  Steele  Bloomington. 

Alfred  Theodore  Wianco    Lafayette. 

Walter  W.  Hart   Indianapolis. 

Ira  C.  Trueblood,  Miss Greencastle. 

Luther  Cornelius  Weeks West  Lafayette. 

Fermen  L.  Pickett   Bloomington. 

William  Logan  Woodbum   Bloomington. 

Roecoe  Raymond  Hyde  Terre  Haute. 

Chas.  M.  Cunningham,  Dr Indianapolis. 

Mason  L.  Weems Valparaiso. 

Edward  N.  Canls Indianapolis. 

G.  A.  Osner  Crawfordsville. 

Frederick  W.  Gottlieb  Morrlstown. 

Geo.  T.  Moore   St.  Louis. 

Samuel  E.  Earp  Indianapolis. 

J.  H.  Clark    

Leslie  C.  Nanney   Bedford. 

Everett  W.  Owen   Indianapolis. 

Geo.   Spitzer    West  T^afayette. 

Geo.  N.  HoflTer  West  Lafayette. 

Julius  Wm.  Stnrmer   West  Tiflfayette. 

Virges  Wheeler    Montmorenci. 

Harry  F.  Dietz   Indianapolis. 

Chas.  Brossman  Indianapolis. 
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A.  D.  Thonibuni   Iildlailapolis. 

Chas.  Stiltz,  M.  D ^ SoutOi  Beild. 

Jacob  P.  Young  Himtington. 

J.  M.  Van  Hook   Bloomlngton. 

Walter  M.  Baker «  Red  Key. 

Wm.  Reynolds  Butler  Indianapolis. 

W.  H.  Rankin   Ithaca,  New  York. 

Omer  C.  Boyer   Lebanon. 

W.  M.  Blanchard   Greencastle. 

(Moved  and  carried  that  the  Secretary  cast  the  ballot  of  the  Academy 

for  these  names,  and  that  the  persons  be  considered  members  after  pajring 

fees  and  signing  the  Constitution.) 

Db.  Foley:  I  should  like  to  bring  Up  a  matter  at  this  time  which 
Was  brought  up  yesterday,  but  we  could  not  get  an  expression  from  tlie 
Academy.  That  is,  in  regard  to  the  Summer  meetings.  Does  this  Academy 
want  a  Summer  meeting?  I  think  the  Program  Committee  would  like  to 
have  an  expression  from  the  members. 

Db.  Stanley  Coulteb:  I  want  to  say  that  in  twenty-five  years*  mem- 
bership I  have  found  that  the  Summer  meeting  Is  equivalent  to  about  three 
Winter  meetings  in  the  way  of  uplift  and  encouragement.  Of  course,  one 
of  the  objections  is  that  a  good  many  members — mathematicians,  chemists 
and  physicists — would  not  be  specially  interested  In  these  Summer  meet- 
ings. I  would  very  much  regret  to  see  the  Summer  meeting  aboli^ed. 
If,  however,  it  does  not  seem  feasible,  1  presume  it  might  be  dropped.  I 
move  that  the  Program  Committee  be  instructed  to  proceed  with  plans  for 
the  Summer  meeting,  and  if  in  their  judgment  the  signs  are  not  favorabl<f 
for  a  session,  they  be  authorized  to  drop  it. 

W.  A.  McBeth  :  I  want  to  second  that  motion.  I  remember  with 
great  pleasure  the  Spring  meetings.  I  made  it  a  point  to  attend  them  reg- 
ularly, and  through  the  fact  that  we  had  Spring  meetings  I  have  visited 
some  very  interesting  points  in  Indiana  which  are  hard  to  get  to  unless 
you  particularly  go  there.  The  town  of  New  Harmony  was  one  of  these 
places ;  it  is  full  of  historical  associations.  We  went  to  Madison,  to  Bloom- 
lngton, to  many  of  the  caves,  and  to  various  other  points  throughout  the 
State  where  we  would  probably  not  have  gone  if  It  had  not  been  for  this 
particular  attraction.  Now,  my  own  way  of  thinking  is  that  if  we  would 
resolve  to  go  to  these  Spring  meetings  they  would  be  worth  two  of  the 
Winter  meetings  to  those  who  go.  I  am  heartily  in  favor  of  resuming  the 
Spring  meetings. 
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(At  the  suggestion  of  Mr.  Butler  a  standing  vote  was  taken,  wiiicn  re- 
sulted unanimously  in  favor  of  resuming  the  Spring  meetings.) 

Mr.  Butleb:  Mr.  Chairman.  We  have  a  telegram  of  greeting  from 
the  Ohio  Academy  of  Science,  and  I  move  that  the  Secretary  be  Instructed 
to  telegraph  the  greetings  of  the  Indiana  Academy  in  return. 

(Taken  by  consent) 

Mb.  Butler:  In  reference  to  the  letter  from  Dr.  Harvey  Wiley  read 
at  the  banquet  last  night,  I  move  that  a  committee,  consisting  of  Stanley 
Coulter,  Harvey  W.  Wiley  and  C.  H.  Eigenmann  be  appointed  to  see  that 
the  suggestions  in  Dr.  Wiley's  letter  in  regard  to  obtaining  some  one  to 
prepare  a  history  of  early  science  in  Indiana,  are  carried  out. 

(Seconded.) 

J.  H.  Ransom  :    I  would  like  to  amend  tliat  by  adding  Mr.  A.  W.  But- 
ler's name  to  that  committee  as  a  fourth  member. 
( Seconded. ) 

Stanley  CouLTfiB:  I  suggest  that  Mr.  Butler  be  the  first  member  in- 
stead of  the  fourth. 

Mr.  Butleb  :  I  think  the  purpose  of  tlie  committee  is  simply  to  study 
the  situation,  and  a  smaller  committee  is  better  than  a  large  one.  The  three 
first  chosen  are  the  proper  members  and  would  be  able  to  do  the  work 
better  than  a  larger  committee. 

(Amendment  put  and  carried;  motion  as  amended  carried.) 

Mb.  Butleb:  I  move  that  the  Treasurer  and  Secretary  be  directed 
to  notify  all  delinquent  members  that  the  constitutional  rules  against  such 
will  be  enforced,  by  order  of  the  Academy. 

(Seconded  and  carried.) 

Mb.  Butleb:  Another  matter  I  think  should  be  acted  upon  by  the 
Academy.  The  Editor  this  year  has  not  put  in  any  bill  for  expenses,  and 
the  expense  of  editing  the  Proceedings  will  probably  be  larger  next  year, 
I  move  that  an  appropriation  of  $25  be  allowed  the  Editor  for  the  ex- 
penses of  this  year  and  the  year  coming. 

(Seconded  and  carried.) 

Mr.  J.  S.  Wbwht  :  In  view  of  the  fact  that  the  Academy  has  received 
many  favors  from  the  Claypool  Hotel  in  giving  us  this  room  without 
charge,  and  a  room  for  the  section  meetings,  and  other  courtesies,  I  move 
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thflt  we  extend  a  vote  of  thanks  to  the  management  of  the  Claypool  Hotel 
for  courtesies  shown  the  Academy. 
(Seconded  and  carried.) 

Db.  Folex  :  We  will  now  take  up  the  program  of  the  morning.  The 
first  number  is  an  address  by  Dr.  B.  W.  Evermann,  of  the  U.  S.  Bureau  of 
Fisheries,  on  "Federal  Control  of  International  and  Interstate  Waters." 

For  Dr.  Evermann*s  address  see  page  119. 

Db.  Foley:  The  next  paper  is  by  Prof.  Charles  W.  Greene,  of  the 
University  of  Missouri,  on  "The  Speed  of  Migration  of  Salmon  in  the 
Columbia  River." 

An  abstract  of  Profesj^or  Greene's  address  is  given  on  page  125. 

Db.  Foley:  The  last  paper  on  the  program,  "Some  Hoosler  and 
Academy  Experiences,"  Is  by  C.  A.  Waldo,  of  the  Washington  University, 
St.  IjouIs,  but  Mr.  Waldo  is  not  here.  The  first  paper,  "Methods  and 
Materials  Used  in  Soil  Testing."  is  by  H.  A.  Huston,  of  Chicago.  Mr. 
Huston  is  not  here,  but  his  paper  Is,  and  It  will  take  about  fifteen  minutes 
to  read  it  It  is  contrary  to  precedent  tliat  a  paper  should  be  read  by 
anyone  but  the  author.  However,  the  Academy  can  change  that,  of  course, 
at  will.    What  shall  we  do  with  this  paper? 

(Moved  and  carried  that  the  paper  be  read.) 

For  Professor  Huston's  address  see  page  111. 

Ub.  Foley:  I  am  sure  the  members  of  the  Academy  would  like  to 
hear  from  anyone  who  has  any  suggestions  to  offer.  This  completes  the 
list  on  the  program,  but  we  will  be  glad  to  hear  from  anyone  else. 

If  you  will  pardon  me,  I  would  like  to  make  a  suggestion  or  two,  one 
of  which  was  made  to  me  last  evening. 

Those  of  us  who  are  members  of  the  American  Association  know  that 
when  we  register  there,  a  number  is  given  us  corresponding  to  the  name, 
address  and  business  of  the  member.  So  all  we  need  to  do  to  find  any 
man's  pedigree  is  to  refer  to  the  number  in  the  list,  which  is  the  registra- 
tion list  Now,  It  seems  to  me  that  some  scheme  like  that  mi^t  be  an  ad- 
vantage in  connection  with  this  Academy,  so  that  any  member  can  find 
out  who  the  other  man  is.  I  know  I  am  introduced  to  people  a  half-dozen 
at  a  time,  wlioni  I  cannot  plac«»  and  name  a  few  minutes  afterwards.  A  great 
many  people  I  find  are  like  to  me  in  that  respect  We  cannot  associate 
names  and  faces  after  having  i)een  introduced  to  three  or  four  persons  at 
once.    Perhaps  some  sort  of  a  scheme  might  be  adopted  to  advantage. 
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Another  thing  is  that  this  meeting  is  the  largest  that  we  have  ever 
had  during  my  connection  with  the  Academy,  and  the  reason  is  evident 
We  have  had  men  of  national  rei>utation  to  address  us.  I  do  not  think 
this  large  attendance  comes  from  the  fact  that  this  Is  an  anniversary  meet- 
ing, but  from  the  fact  that  the  program  has  been  made  worth  while  by 
having  men  who  will  draw  people  to  the  meeting. 

You  will  note  that  the  State  is  now  doing  our  printing;  we  do  not 
have  to  pay  that  ourselves,  and  you  will  note  from  the  Treasurer's  rei)ort 
that  we  have  some  money  and  that  we  are  going  to  get  more  money,  and 
we  have  nothing  particular  to  do  with  this.  Now,  it  seems  to  me  that  the 
I*rogram  Committee  might  arrange  to  bring  one  or  two  speakers  here  each 
year,  sjieakers  of  national  reputation,  and  spend  some  of  this  money  for 
their  expenses.  If  we  could  have  some  such  program  as  we  have  had  this 
year  every  year,  with  men  like  Dr.  Joixlan,  and  Dr.  (Suiter  and  Dr.  Wiley, 
there  is  no  question  but  what  we  would  have  a  large  attendance,  and  I 
think  our  funds  will  justify  that.     I  merely  offer  these  as  suggestions. 

11.  Jj,  Brunkb:  As  editor  of  tlie  Proceedings  I  would  urge  the  impor- 
tance of  getting  the  manuscripts  in  as  soon  as  possible.  The  fact  that  the 
Proceedings  were  late  this  year  is  due  largely  to  the  tardy  reception  of 
the  piii)ers  by  the  editor.  If  the  meml)ers,  will  turn  over  their  papers 
promptly,  I  will  see  that  they  get  intc?  the  hands  of  the  printer  as  early  as 
possible. 

Db.  Foley:  I  want  to  second  what  Mr.  Bruner  has  said.  I  was 
EJditor  one  year. 

This  completes  the  program,  unless  the  Academy  wishes  to  take  up 
some  of  the  papers  which  are  departmental.    What  is  your  will? 

(Motion  to  adjourn.) 
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[president's  addkess.l 
Recent  Developments  in  Physical  Science. 

[Publication  No.  34.] 


By  Arthur  L.  Foley. 


On  this — the  twenty-fifth — ^birthday  of  the  Indiana  Academy  of  Science, 
It  is  meet  that  we  survey  the  progress  made  and  take  an  inventory  of 
stock  on  hand.    Where  were  we?    Where  are  we? 

Comparing  physical  science  of  today  with  physical  science  of  twenty- 
five  years  ago,  I  am  forced  to  the  conclusion  that  there  has  been  a  revo- 
lution. 

In  the  first  place  there  has  been  a  revolution  in  the  methods  of  teach- 
ing science.  I  would  remind  you  that  the  physics  laboratory  of  the  Uni- 
ver#*lty  of  Berlin  was  founded  in  18G:{,  the  Cavendish  laboratory  of  Cam- 
bridge in  1874.  In  1871  Professor  Trowbridge,  of  Harvard,  was  obliged 
to  borrow  some  electrical  measuring  instruments,  as  the  university  had  none 
of  its  own.  It  is  not  surprising,  then,  that  a  few  years  later — at  the  time 
the  Indiana  Academy  of  Science  was  founded — there  were  in  the  United 
States  very  few  physics  laboratories  worthy  of  the  name.  Physics  teach- 
ing In  college  and  high  school  was  chiefly  from  the  text-book.  Today  a 
college  which  would  offer  work  In  physics  without  a  laboratory  would  be 
considered  a  joke;  and  in  order  to  be  commissioned,  a  high  school  must 
have  a  certain  minimum  of  laboratory  equipment  and  the  physics  teacher 
must  devote  a  part  of  his  time  to  laboratory  Instruction. 

In  the  second  place  there  has  been  a  complete  change  In  the  attitude 
of  men  of  affairs  toward  the  physics  professor  and  his  students.  No  longer 
do  they  consider  us  theoretical,  and  therefore  impractical.  No  longer  do 
they  look  with  distrust  or  contempt  on  laboratory  methods  and  data.  No 
longer  do  they  hold  that  apprenticeship  and  experience  are  sufllcient  for 
their  needs.  Today  the  large  industrial  concerns  are  establishing  labora- 
tories of  their  own  and  employing  in  them  the  best  trained  men  they  can 
command. 

In  the  third  place,  there  has  been  a  revolution  in  some  of  our  physical 
theories.    By  the  term  revolution  I  do  not  n^ean  a  destructive  upheaval 
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in  which  the  work  of  the  past  has  been  repudiated  and  destroyed  and  a 
new  order  of  things  established.     I  mean  that  some  of  our  ideas  have  ' 
undergone  such  a  complete  and  rapid  change  that  what  some  might  term 
an  evolution  is  really  a  revolution.    Indeed,  we  have  had  two  revolutionary 
periods  within  the  life  of  this  Academy. 

The  first  came  in  1887  with  the  epoch-making  researches  of  Heinrich 
Hertz.  Faraday  had  given  us  his  theory  of  lines  of  force  and  the  mathe- 
maticians had  attacked  it.  Young  and  Fresnel  had  given  us  the  undu- 
latory  theory  of  light  and  Laplace  and  Poisson  had  "befuddled  us  with 
their  objections."  Ampere  had  given  a  theory  of  magnetism,  but  Poisson 
and  Weber  had  given  two  others.  To  explain  an  electric  charge  we  could 
resort  to  the  one-fluid  theory,  the  two-fluid  theory,  the  potential  theory, 
the  energy  theory,  the  ether-strain  theory.  Maxwell  had  written  a  treatise 
on  electricity  which  few  could  read  and  no  one  could  fully  understand.  A 
distinguished  French  physicist  said  he  understood  everything  in  Maxwell's 
book  except  what  was  meant  by  a  body  charged  with  electricity.  Max- 
well had  given  us  but  a  vague  idea  of  electric  displacements  and  displace- 
ment currents,  because  his  ideas  were  bound  up  in  ecpiations  without  ex- 
perimental verification,  or  even  illustration. 

Then  came  Hertz's  researches,  which  confirmed  the  fundamental  hy- 
I)otheses  of  the  Faraday-Maxwell  theory  and  "annexed  to  the  domain  of 
electricity  the  territory  of  light  end  radiant  heat."  '"Many  thinkers,"  said 
Lord  Kelvin,  "have  helped  to  build  up  the  nineteenth  century  school  of 
plenum,  one  ether  for  light,  heat,  electricity  and  magnetism;  and  Hertz's 
electrical  papers,  given  to  the  world  in  the  last  decade  of  the  century,  will 
be  a  permanent  monument  of  the  splendid  consummation  now  realized." 
Some  one  has  said  that  Hertz  enthroned  Maxwell  in  every  chair  of  physics 
in  Europe  and  America. 

It  appears  that  many  of  the  ancient  philosophers  had  a  shadowy  idea 
of  a  medium  in  space  which  they  personified  and  called  "Aether."  Ac- 
cording to  Heriod,  Aether  was  the  son  of  Erebus  and  Night  and  the  brother 
of  Day.  The  Orphic  hymns  si)eak  of  Aether  as  the  soul  of  the  world,  the 
animator  of  all  things,  the  principle  of  life.  The  children  of  Aether  and 
Day  were  the  objects  about  us,  the  heavens  with  all  their  stars,  the  land, 
the  sea.  Aether  was  the  lightest  and  most  active  form  of  matter  and  Day 
had  the  power  of  converting  it  into  heavier  matter.    Plato  speaks  of  the 


^Kelvin.    Introduction  to  Jones'  translation  of  Herts's  "Electric  WfLves.''    Maomil'^ 
lp,n,1893, 
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Aether  as  being  a  form  of  matter  far  purer  and  lighter  than  air,  so  light 
that  its  weight  cannot  l>e  asfertalued  because  distributed  through  infinite 
space. 

During -the  fifteen  years  following  the  publication  of  Hertz's  researches 
it  is  probable  that  greater  homage  was  paid  to  Ether  by  modem  physicists 
than  was  ever  given  it  by  the  ancients.  The  ether  was  appealed  to  from 
every  quarter.  Light,  radiant  heat  and  electric  waves  were  ether  waves. 
An  electric  charge  was  an  ether  strain.  An  electric  current  was  a  phe- 
nomenon in  the  ether  and  not  in  the  wire  in  which  it  appeared  to  flow. 
Magnetism  and  gravitation  were  phenomena  of  the  ether.  Matter  itself 
became  an  aggregation  of  ether  vortices.  Ether  and  motion  were  expected 
to  explain  everything.  Such  terms  as  natural  philosophy  and  physics  were 
discarded  by  some  of  our  text-book  writers  who  adopted  such  titles  as 
"Matter,  Ether  and  Motion";  "Etlier  Physics";  "Ether  Dynamics";  "The 
Mechanics  of  the  Ether."     Physics  was  defined  as  the  science  of  motion. 

The  classical  mechanics  of  LaOrange  was  built  on  what  were  con- 
sidered fundamental  concepts — ^mass,  force,  space  and  time.  Hertz,  in  his 
treatise  on  mechanics  published  in  1894,  endeavored  to  eliminate  force 
and  potential  energy  and  reduce  a  universe  to  ether  movement.  Space 
and  time  were  not  fundamental  ideas,  but  as  Kant  had  said,  were  sub- 
jective notions.  We  measure  time  by  a  change  of  space  relation ;  that  is, 
a  movement  of  a  star,  of  the  earth,  of  a  clock  hand.  "In  a  world  void  of 
all  kind  of  movement  there  would  not  be  seen  the  slightest  sequence  in 
the  internal  state  of  substances.  Hence  the  abolition  of  the  relation  of 
substances  to  one  another  carries  with  it  the  annihilation  of  sequence  and 
of  time."  Thus  everything  was  made  to  dei)eud  upon  movement  The 
equations  of  motion  l>ecame  the  chief  instruments  of  physical  research, 
and  the  criterion  by  which  the  results  of  experiments  were  interpreted. 
Gnlileo  lost  his  professorship  because  he  dared  to  dispute  the  authority 
of  Aristotle.  Daguerre  was  for  a  time  placed  in  an  asylum  because  he 
said  he  could  take  a  picture  on  a  tin  plate.  Galvani  was  ridiculed  by  his 
friends  and  dubbed  "the  frog's  dancing  master."  Franklin's  paper  on 
lightning  conductors  was  considered  foolish,  and  refused  publication  by  the 
fioyal  Society.  Fifteen  years  ago  it  would  have  been  almost  as  disastrous 
for  a  physicist  to  question  the  authority  of  LaGrange  or  Maxwell.  Not 
only  were  the  results  of  experiments  subjected  to  mathematical  analysis, 
the  direction  of  scientific  investigation  was  largely  so  determined.    The 


92 

question  was  flrst  put  to  mechanics.  If  a  positive  answer  was  indicated 
the  question  was  put  to  nature  and  the  research  went  on.  If  the  equations 
indicated  a  negative  result  the  question  was  dropped  and  the  research 
abandoned. 

Physics  was  an  exact  science.  Other  sciences  were  not  exact  sciences 
l>ecause  their  theories  and  hypotheses  could  not  be  mathematically  ex- 
pressed— the  relation  between  cause  and  effect  was  not  expressible  in 
algebraical  symbols.  Physics  was  an  exact  science  whose  fundamental 
principles  had  been  discovered  and  its  laws  expressed  by  equations.  All 
that  remained  to  be  done  was  to  make  more  accurate  measurements  of 
physical  quantities  for  use  as  coefficients  and  exix)nents. 

Let  me  quote  from  the  1804  catalogue  and  later  catalogues  of  one  of 
the  largest  universities  in  the  I'nlteil  States. 

"While  it  Is  never  safe  to  affirm  that  the  future  of  physical  science 
has  no  marvels  in  store.  ♦  ♦  ♦  it  seems  probable  that  most  of  the  grand 
underlying  principles  have  been  firmly  established  and  that  further  ad- 
vances are  to  be  sought  chiefly  in  the  rigorous  application  of  these  princi- 
ples to  all  the  phenomena  which  come  under  our  notice.  ♦  ♦  ♦  An 
eminent  scientist  has  remarked  that  the  future  truths  of  physical  science 
are  to  be  looked  for  in  the  sixth  place  of  decimals."  The  foregoing  Is  a 
verbatim  quotation  from  the  introductory  statement  preceding  the  list 
of  courses  in  physics  offered  at  one  of  our  great  universities,  written,  I 
think,  in  1894.  "Underlying  principles  firmly  established,"  "Future  truths 
in  sixth  decimal  place,"  1894.  Then  came  the  discovery  of  Roentgen  rays. 
1895;  Becquerel  rays,  189G;  Zeeman  effect,  189(3;  radium,  1898;  atomic 
disintegration,  the  transformation  of  matter,  the  thermal  effect  of  radio- 
activity, and  intra  atomic  energy,  1903.  I  am  unable  to  locate  the  sixth 
decimal  idea  in  recent  catalogues. 

J.  J.  Thomson  likens  the  discovery  of  Roentgen  rays  to  the  discovery 
of  gold  in  a  sparsely  populated  country.  Workers  come  In  large  numbers 
to  seek  the  gold,  many  of  them  finding  that  "the  country  has  other  products, 
other  charms,  perhaps  even  more  valuable  than  the  gold  Itself." 

The  chief  value  of  Roentgen's  discovery  was  not  that  It  furnished  us 
a  new  kind  of  light  for  the  Investigation  of  dark  places,  but  in  the  fact 
that  it  led  a  host  of  workers  to  study  vacuum  tube  discharges — the  dis- 
charge of  electricity  in  gases  and  the  effects  of  such  discharges  on  matter 
itself.    The  old  dusty  Cnmkos'  tube  was  taken  down  from  the  far  comer 
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of  the  upper  shelf  and  regarded  with  new  interest  In  a  day  It  had  ceased 
to  be  a  forgotten,  though  curious,  plaything,  and  had  become  a  powerful 
Instrument  of  research.  It  was  before  Roentgen's  discovery  that  a  well- 
known  i)rofessor  said  to  me  that  he  considered  it  foolish  for  one  to  spend 
any  part  of  his  departmental  appropriation  for  a  vacuum;  that  when  he 
paid  out  money  he  wanted  something  In  return — not  an  empty  space.  And 
yet  this  man  was  familiar  with  the  work  of  Faraday  and  of  Crookes,  both 
of  whom  with  proi)hetlc  mind  had  foreseen  and  foretold.  Let  me  quote 
from  a  lecture  by  Faraday  on  the  significant  subject  "Radiant  Matter." 

*  **I  may  now  notice  a  i)ecullar  progression  In  physical  properties  (of 
matter)  accompanying  changes  of  form,  and  which  Is  perhaps  sufficient  to 
Induce,  In  the  Inventive  and  sanguine  philosopher,  a  considerable  degree 
of  belief  In  the  association  of  the  radiant  form  with  the  others  !n  the 
set  of  changes  I  have  mentioned. 

"As  we  ascend  from  the  solid  to  the  fluid  and  gaseous  states,  physical 
pn)pertles  diminish  In  number  and  variety,  each  state  losing  some  of  those 
which  belong  to  the  preceding  state.  ♦  ♦  ♦  The  varieties  of  density, 
hardness,  opacity,  color,  elasticity  and  form,  which  render  the  number  of 
solids  and  fluids  almost  Infinite,  are  now  supplied  by  a  few  slight  varia- 
tions in  weight  and  some  unimportant  shades  of  color. 

**To  those,  therefore,  who  admit  the  radiant  form  of  matter,  no  difficulty 
exists  in  the  simplicity  of  the  properties  it  possesses  ♦  ♦  ♦  .  They  point 
out  the  greater  exertions  which  nature  makes  at  each  step  of  the  change 
and  think  that,  consistently.  It  ought  to  be  greatest  In  the  passage  from 
the  gaseous  to  the  radiant  form."  The  lecture  from  which  the  foregoing 
Is  a  quotation  was  delivered  In  1810,  when  Faraday  was  but  twenty-four 
years  old. 

Let  me  quote  again,  this  time  from  a  lecture  by  Sir  William  Crookes 
delivered  sixty  years  later,  more  than  thirty  years  ago,  on  the  same  sub- 
ject—"Radiant  Matter." 

"In  studying  this  fourth  state  of  matter  we  seem  at  length  to  have 
within  our  grasi)  and  obedient  to  our  control  the  little  indivisible  particles 
which  with  good  warrant  are  supposed  to  constitute  the  physical  basis  of 
the  universe.  We  have  seen  that  in  some  of  Its  properties  radiant  matter 
Is  as  material  as  this  table,  whilst  In  other  properties  It  almost  assumes 
the  character  of  radiant  energy.  We  have  actually  touched  the  borderland 
where  matter  and  force  seem  'to  merge  into  one  another,  the  shadowy  realm 

*Life  and  Letters  of  Faraday,  Vol.  1,  p.  308. 
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between  known  and  unknown,  which  for  me  has  always  had  peculiar 
temptations.  I  venture  to  think  that  the  greatest  scientific  problems  of 
the  future  will  find  their  solution  In  this  borderland,  and  even  beyond: 
here,  it  seems  to  me,  lie  ultimate  realities,  subtle,  far-reaching,  wonderful." 

The  developments  of  the  last  few  years  have  demonstrated  that  no 
truer  prophecy  was  ever  uttered,  and  the  proi)het  Crookes  has  lived  to 
witness  and  to  take  a  part  in  its  fulfillment. 

The  importance  of  the  present  rejuvenation  of  physical  science  does 
not  consist  alone  in  the  abundance  of  the  harvest.  There  have  been 
abundant  harvests  in  the  past.  Consider  the  decade  which  closed  one 
hundred  years  ago.  In  171)8  Rumford  boiled  water  by  friction.  In  1799 
Davy  melted  ice  by  friction  In  a  vacuum  and  Laplace  published  his  work 
on  mechanics.  In  1800  Volta  constructed  the  Voltaic  pile,  Nicholson  and 
Carlisle  decomposed  water,  Davy  discovered  the  properties  of  laughing 
gas,  and  Ilerschel  discovered  dark  heat  rays.  In  1801  Piazzi  discovered 
the  first  asteroid,  RItter  the  chemical  rays,  and  Young  the  Interference  of 
light.  In  1802  VVedgewood  and  Davy  made  sun  pictures  by  the  action  of 
light  on  silver  chloride,  and  Wollaston  discovered  dark  lines  in  the  sun's 
spectrum.  In  180S  Mains  discovered  polarization  by  reflection,  Gay 
Lussac  the  combination  of  gases  by  multiple  volumes,  and  Dalton  the  law 
of  multiple  proportions. 

So  great  was  the  exhilaration  and  satisfaction  produced  by  these  dis- 
coveries that  many  scientists  of  that  period  appear  to  have  become  Infected 
with  something  akin  to  the  "sixth  decimal*'  delusion.  "Electricity,"  wrote 
the  French  scientist  Hatly,  "enriched  by  the  labor  of  so  many  distin- 
guished physicists,  seems  to  have  reached  the  term  when  a  science  has  no 
more  imiK)rtant  stops  before  It,  and  only  leaves  to  those  who  cultivate  it 
the  hope  of  confirming  the  discoveries  of  their  predecessors  and  of  casting 
a  brighter  light  on  the  truths  revealed."  A  statement  which  was  almost 
Immediately  followed  by  the  discoveries  of  Oersted,  Ampere,  Seebeck  and 
Faraday.  A  statement  which  has  been  followed  by  the  telegraph,  the  tele- 
phone, the  dynamo,  the  motor,  the  electric  light,  the  electric  railway,  the 
Roentgen  rays,  and  the  wireless  telegraph  and  telephone. 

If  anyone  today  Is  disposed  to  criticise  the  meii  of  science  of  other 
times  because  of  their  limited  view,  their  complacent  opinions  and  their 
intolerance  of  all  that  did  not  agree  with  theories  they  considered  estab- 
lished, let  him  first  read  and  ponder  over  what  One  spake  about  motes  and 
beams. 
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The  real  significance  of  recent  developments  is  in  the  fact  that  they 
change — in  a  way  revolutionize — some  of  our  ideas  of  things.  And  here 
let  me  say  that  proven  facts  and  proposed  theories  should  not  be  .confused. 
A  theory  is  simply  a  working  hypothesis,  invented  for  the  purpose  of  ex- 
plaining facts,  to  be  discarded  when  facts  are  discovered  with  which  the 
theory  is  not  in  harmony.  A  theory  may  explain  many  facts,  it  may  be 
generally  accepted,  it  may  have  survived  for  generations  and  be  false. 
The  phlogiston  theory,  the  corpuscular  theory  are  two  examples.  Shall 
we  say  that  the  theory  of  the  indestructibility  of  matter  and  of  the  con- 
servation of  energy  are  two  others? 

The  usual  chemistry  text-book  would  have  us  believe  in  the  inde- 
structibility of  matter  l)ecause  the  chemist  can  change  the  form  of  matter 
almost  at  will,  and  in  all  the  chemical  reactions  there  is  no  loss  of  weight 
In  replying  to  this  argument  I  wish  to  make  three  points. 

First.  The  balance,  notwithstanding  the  statement  of  text-books,  com- 
pares weights  and  not  masses,  and  it  is  only  because  weight  is  assumed 
to  be  proportional  to  mass  that  we  say  we  determine  mass  by  the  balance. 
What  we  really  compare  is  the  gravitational  force  which  the  earth  exerts 
on  two  masses,  and  we  have  no  a  priori  right  to  assume  that  this  gravita- 
tional force  is  absolutely  independent  of  the  state  or  molecular  arrange- 
ment of  the  attracted  body.  Why,  for  instance  should  we  expect  an  abso- 
lutely uniform  field  of  force  about  a  crystal  when  that  same  crystal  will, 
if  placed  in  a  projjer  solution,  continue  to  grow  symmetrically,  and  i)erhaps 
replace  a  broken-oflf  corner  before  beginning  Its  growth? 

It  is  conceivable  that  there  should  be  a  loss  of  weight  in  chemical  re- 
actions and  yet  no  destruction  of  matter.  It  is  possible  that  mass  and 
weight  are  not  strictly  proportional.  If  J.  J.  Thomson  were  not  disposed 
to  question  the  equation  w  =  m  .  g  he  would  not  have  experimented  with  a 
[)endulum  of  radium,  and  he  would  not  now  be  experimenting  with  a  pen- 
dulum of  uranium  oxide. 

In  the  second  place  there  is  an  apparent  change  of  weight  in  chemical 
reactions  as  has  been  shown  by  several  experimenters,  notably  by  Landolt,' 
who  found  a  loss  In  forty-two  out  of  fifty-four  cases.  The  chemical  reac- 
tions were  brought  about  in  sealed  glass  tubes  which  generally  weighed 
less  after  the  reactions  than  they  weighed  before.  Later*  it  was  found 
that  some  of  these  losses  might  be  attributed  to  temi)erature  and  volume 


»  H.  Landolt.  Preuss.  Akad.  Wlss.  Berlin,  Sitz.  Ber.  8,  pp.  266-298,  1906. 
'Landolt  Preu8S,  Ak^d.   Wlss.  Berlin,  SJtz.  Ber.  96,  pp.  354-387,  1908, 
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changes.  Whatever  the  testiniouy  of  the  balance  may  have  been,  sume 
of  the  reactions  must  have  been  accompanied  by  a  loss  of  weight,  for  it 
has  been  proven  by  chemical  means  that  such  reactions  are  frequently 
attended  by  the  escape  of  something  through  the  walls  of  the  glass?  tubes.* 
This  loss  Is  readily  explained  by  the  disintegration  theory.  If  one  wishes 
to  explain  it  by  assuming  the  diflfusion  of  ordinary  gases  through  the  glass 
walls  of  the  tube  he  must  explain  the  fact  that,  in  many  cases,  it  was  the 
lieavy  and  least  volatile  substances  that  escaped  fastest. 

In  the  third  place  the  element  of  time  has  been  overlooked.  Matter 
may  be  disintegrating,  but  at  such  a  slow  rate  that  in  the  limited  time 
over  which  experiments  have  been  extended  the  balance  has  failed  to  de- 
tect the  change.  As  far  as  our  experience  goes  the  time  of  rotation  of 
the  earth  is  constant;  but  we  know  that  It  cannot  be  absolutely  constant. 
The  moon  has  slowed  down  until  it  takes  a  month  to  make  one  turn.  To 
an  ephemeral  insect  almost  everything  would  appear  to  be  eternal.  With 
due  respect  for  tlie  balance  and  the  wonderful  work  It  has  enabled  chem- 
ists to  do.  It  must  be  admitted  that  it  Is,  comparatively,  a  very  crude  in- 
strument.    Let  me  prove  It. 

Suppose  we  fix  the  limit  of  sensibility  of  the  balance  at  one  one-thousandlh 
of  a  milligram.  Our  books  on  chemistry  tell  us  that  1  c  c  of  gas,  say  hydro- 
gen, at  ordinary  pressure  contains  4  X  10**  molecules.  The  density  of  11  i)eing 
896  XIO^^  then  1  gm.  of  H  would  consist  of  (4X10*9)  ^(896X10"^  molecules. 
Taking  112  as  the  ratio  of  the  molecular  weights  of  radium  and  11,  then  I  gm. 
of  radium  would  consist  of  [(4X  lO*'^/-^ (896X10  7)] -J-112  =  4X  10**  molecules. 
Therefore  .001  mgm.  of  radium  would  consist  of  4X10*®  molecules,  and  this 
would  be  the  smallest  possible  number  that  our  most  sensitive  balance  could  de- 
tect. If  the  gram  of  radium  were  disintegrating  and  its  molecules  escaping  at 
the  rate  of  a  million  per  second  it  would  require  4X  lO***  seconds  =  463,000  days 
=  1270  years  for  that  gram  of  radium  to  lose  in  weight  only  the  one-thousandth 
part  of  one  milligram,  all  the  while  its  molecules  trooping  away  at  the  rate  of  a 
million  per  second. 

The  population  of  the  earth  is  about  1,500  millions.  The  smallest 
number  of  molecules  a  balance  will  detect  Is  4xW*,  or  about  26,600,000 
times  the  population  of  the  earth.  AVe  wonder  if  Mars  is  inhabited.  If 
a  Martian  were  to  come  to  the  earth  to  make  an  exiierlment  to  determine 
whether  or  not  the  earth  Is  impulated  and  he  had  no  better  instrument 


»C.  Z9Df  helii).    Zeitkchr.  Phys.  Chein . «5, 3,  pp. 811-3" 8,  Jan. 5, 1909. 
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"for  the  detectlou  of  the  existence  of  a  man"  than  Is  the  balance  for  a 
molecule,  he  would  be  obliged  to  go  back  and  report  the  earth  uninhabited. 
In  fact  his  Instrument  for  the  man  test  would  need  to  be  26,600,000  times 
as  sensitive  as  the  balance  to  give  him  even  a  hint  of  the  probability  of 
an  earth  population. 

Thomson  says  that  the  smallest  quantity  of  unelectrlfied  matter  ever 
detected  is  probably  neon,  and  this  was  discovered  by  the  spectroscope — not 
the  balance.    But  the  number  of  molecules  of  neon  required  to  give  a  spec- 
troscopic effect  is  about  ten  million  million,  or  about  7,000  times  the  popu- 
lation of  the  earth.     It  has  been  shown   that  the  presence  of  a   single 
charged  atom  can  be  detected  by  electrical  means.    Thus  the  electroscope 
is  millions  of  millions  of  times  as  sensitive  as  the  spectroscoi^e,  which  is 
itself  in  many  cases  far  more  sensitive  than  the  balance.    This  explains, 
in  part,  why  radium  was  discovered  by  physicists,   and   why  i>hysicists 
have  been  most  active  in  all  the  work  which  has  had  to  do  with  the  theories 
of  electricity  and  matter.     If  chemists  wish  to  comi)ete  with  physicists  in 
this  field  of  investigation  they  must  adopt  physical  methods  and  apparatus 
or  devise  some  of  their  own  which  shall  be  far  more  sensitive  than  the 
balance  or  si)ectro8coi)e.     Further,  many  of  the  great  chemists  of  the  world 
need  to  awake  to  the  fact  that  there  is  something  doing  and  that  they  are 
not  doing  it.    Their  indifference  is  surprising.     Only  three  months  ago  one 
of  them  expressed  the  following  sentiments  In  a  paper  read  before  the 
chemical   section  of  the  British  Association.     '*     *     *     "Those  who  feel 
that  the  electron  is  possibly"   (note  the  i)ossibly)   "but  a  figment  of  the 
imagination  will  remain  satisfied  with  a  symbolic  system  which  has  served 
us  so  long  and  so  well  as  a  means  of  giving  expression  to  facts  which  we 
do  not  pretend  to  exjilain.     *     ♦     *     Until  the  credentials  of  the  electron 
are  placed  on  a  higher  plane  of  practical  politics,  until  they  are  placed  on 
a  practical  plane,  we  may  well  rest  content  with  our  present  condition 
and  admit  frankly  that  our  knowle<lge  is  insufficient  to  enable  us  even  to 
venture  on  an  explanation  of  valency.*'     Think  of  it!     We,  the  chemists, 
"remain  content"  in  this  day  when,  as  the  Hon.  A.  J.  Balfour  has  said, 
the  attempt  to  unify  physical  science  and  nnfure  -"excites  feelings  of  the 
nnjst  a<ute  IntelkM-tnal  gratification.     The  s.irisfaction   it  gives   is  almost 


^Seiantific  American  Supplement.    63,  No.  1761.    P.  21f»,0ct.  2, 1909. 

'"Reflections  Suggeiited  by  the  .Vew  Tiieory  of  Matter."  Presidential  Addresn,  British 
Atiociation  for  the  advancement  of  Science.  190t.  Science.  20  No.  504,  pp.  257-266,  Aug. 
26,1901. 
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aesthetic  in  its  intensity  and  quality.  We  feel  the  same  sort  of  pleasurable 
shock  as  when  from  the  crest  of  some  melancholy  pass  we  first  see  far 
below  the  sudden  glory  of  plain,  river  and  mountain."  "Rest  content!" 
No  wonder  the  Noebel  prize  in  chemistry  was  awarded  to  Rutherford,  a 
physicist. 

As  to  the  second  principle,  the  conservation  of  energy,  some  have 
had  misgivings.  It  was  Kelvin,  I  believe,  who  said  that  radium  placed 
the  first  question  mark  after  this  great  principle.  Many  have  refused  to 
believe  In  the  electron  and  disintegration  theories  because  they  saw,  or 
thought  they  saw,  in  these  theories  a  contradiction  of  the  principle  of 
energy  conservation.  Personally  I  do  not  see  that  there  are  necessarily 
any  contradictions.  But  even  If  there  were  and  we  were  therefore  justi- 
fied in  rejecting  the  theories  proposed  to  explain  the  facts,  we  certainly 
should  not  be  justified  in  rejecting  the  facts  themselves. 

In  this  connection  I  am  reminded  of  the  story  of  a  lawyer  whose  client 
was  placed  in  jail  for  some  very  trivial  offense.  When  the  lawyer  learned 
the  nature  of  the  charge  he  said  to  his  client :  "My  friend,  they  cannot 
put  you  in  jail  on  such  a  charge  as  that.*'  "Yes,  but  they  have,"  replied 
the  prisoner.  When  our  physicist  says  that  radium  cannot  remain  at  a 
higher  temperature  than  Its  surroundings  and  continue  to  radiate  heat, 
as  that  would  be  contrary  to  the  second  law  of  thermodynamics,  the  answer 
is,  Yes,  but  it  does.  When  he  says  that  It  cannot  continue  to  radiate  en- 
ergy without  receiving  energy  from  some  other  body,  as  that  would  be 
contrary  to  the  principle  of  the  conservation  of  energy,  the  answer  Is,  Yes, 
but  it  does  it. 

When  some  one  says  that  helium  or  carbon  dioxide  cannot  appear  In 
sealed  tubes  which  contained  no  trace  of  these  substances  to  begin  with, 
the  answer  is.  Yes,  but  they  do. 

Let  us  suppose  that  we  have  a  mass  of  gunpowder  and  that  it  is  possi- 
ble to,  and  we  do,  cause  it  to  explode,  one  grain  at  a  time,  each  grain  firing 
its  neighbor  as  in  the  fuse  of  a  firecracker.  The  temi>erature  of  the  mass 
of  gunimwder  will  be  higher  than  Its  surroundings,  and  It  will  give  off 
heat  and  c»tlun*  forms  of  energy  and  continue  to  do  so  as  long  as  the  pow- 
der lasts.  No  one  would  think  of  calling  this  an  exception  to  the  law  of 
the  conservation  of  energy  or  tlu'  second  law  of  thermodynamics.  The 
source  of  the  energy  is  the  atomic  potential  energy  of  the  i>owder  itself. 

Let  us  suppose  that  we  have  a  sphere  with  frlctlonless  surface  rotat- 
ing at  an  enormous  speed.     Suppose  that  particles  of  matter  are  thrown 
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off  at  frequent  intervals.  These  particles,  on  account  of  tlieir  liigli  speed, 
have  considerable  potential  energy.  Thus  the  sphere  continues  to  give 
off  energy  without  receiving  any  as  long  as  any  mass  remains.  The  source 
of  the  energy  is  the  Icinetic  energy  stored  in  the  sphere  at  the  outset,  of 
which  energy  we  are  conscious  only  when  we  have  some  method  of  detect- 
ing and  slowing  down  the  projected  particles. 

Thus  the  energy  radiated  by  radium  might  be  stored  within  the  ra- 
dium atom  as  potential  energy  and  liberated  by  a  sort  of  atomic — or  sub- 
atomic— explosion.  Or  it  might  be  stored  as  kinetic  energy — of  revolving 
electrons — and  liberated  gradually  as  these  electrons  escape  from  their 
orbits.  It  might  be  stored  in  both  forms.  In  any  case  it  is  intra-atomic 
energy  because  stored  within  the  atom  itself  and  liberated  only  by  atomic 
cliange — disintegration.  In  neither  case  would  there  be  a  violation  of  the 
principle  of  the  conservation  of  energy  or  of  the  second  law  of  thermo- 
dynamica  Sooner  or  later  all  the  energy  will  have  been  radiated.  The 
fact  that  the  supply  is  destined  to  last  so  long  is  what  api)eals  to  us  as 
wonderful.  And  so  it  is.  The  world  is  full  of  wonderful  things  to  anyone 
who  pauses  long  enough  to  think. 

In  this  paper  I  have  endeavored  to  give  a  general  notion  of  the  trend 
of  thought  and  investigation  in  physical  science  rather  than  an  enumera- 
tion and  discussion  of  discoveries  and  theories.  I  might  say,  however, 
that  there  are  strong  reasons  for  l)elieving  in  the  molecular  structure  of 
electricity  the  electrical  nature  of  matter,  and  the  dependence  of  mass  upon 
velocity.  Tha  theories  of  radioactivity  and  disintegration  of  matter  are 
fairly  well  established.  According  to  Ramsay,  one  of  the  most  eminent 
chemists  in  the  world,  '*we  are  on  tlie  brink  of  discovering  the  synthesis 
of  atoms,  which  may  lead  to  the  discovery  of  the  ordinary  elements." 
Perhaps  the  dream  of  the  alchemist  is  about  to  l>e  realized.  Certain  it  is 
that  we  are  face  to  face  with  energies  of  which  no  one  even  dreamed  a 
few  years  ago.  Whether  we  call  this  energy  intra-atomic,  sub-atomic, 
interelemental  or  some  other  name,  we  know  certainly  that  it  exists,  and 
that  it  exists  in  quantities  far  beyond  the  power  of  man's  mind  to  com- 
prehend. Man  hopes  some  day,  somewhere,  somehow,  to  discover  the 
means  of  unlocking  this  infinite  storehouse.  If  this  discovery  is  ever 
made,  all  the  others  which  man  has  ever  made  will  pale  Into  insignificance 
beside  it 

Lodge  says  of  the  one-pound  shot  and  the  one-hundred-pound  shot 
'Which  Galileo  dropped  from  the  top  of  the  Leaning  Tower,  that  "their 
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simultaneous  clang  as  they  struck  the  ground  together  sounded  the  death 
knell  of  the  old  system  of  philosoi)hy  and  heralded  the  birth  of  the  new." 
The  age  of  reverence  for  aiitliorily  luid  imssed.away  and  the  day  of  ex- 
perimental investigation  Iia<l  dawntMl. 

In  a  sense  the  discov<»ries  of  the  past  few  yeai's  have  resulted  in  a 
similar  revolution.  The  revival  of  the  experimental  method  has  been 
complete.  Accepted  theories  are  being  put  to  the  test.  What  we  have 
long  regarded  as  i)roven  facts  are  being  questioned  and,  in  many  cases, 
challenged.  There  is  no  tield  of  investigation  which  has  not  been  culti- 
vated anew. 

In  closing  I  wish  to  quote  from  the  presidential  address  of  J.  J.  Thom- 
son* before  the  British  Association  at  its  last  meeting.  "The  new  dis- 
coveries made  in  physics  the  last  few  years,  and  the  ideas  and  potentiali- 
ties suggested  by  them,  have  had  an  effect  upon  the  workers  in  that  sub- 
ject akin  to  that  produced  in  literature  by  the  Renaissance.  Enthusiasm 
has  been  quickened  and  there  is  a  hopeful,  youthful,  perhai)s  exuberant, 
spirit  abroad  which  leads  men  to  make  with  contidence  exi>eriment8  which 
would  have  been  thought  fantastic  twenty  years  ago.  It  has  quite  dis- 
pelled the  i)esslmistic  feeling,  not  uncommon  at  that  time,  that  all  the 
interesting  things  had  been  discovered,  and  all  that  was  left  was  to  alter 
a  decimal  or  two  in  s<nne  physical  constant.  There  never  was  any  justifi- 
cation for  this  feeling,  there  never  were  any  signs  of  an  approach  to  finality 
in  science.  The  sum  of  knowledge  is,  at  present  at  any  rate,  a  diverging, 
not  a  converging  series.  As  we  conquer  peak  after  peak  we  see  regions 
in  front  of  us  full  of  interest  and  beauty,  but  we  do  not  see  our  goal,  we 
do  not  see  the  horizon ;  in  the  distance  tower  still  higher  peaks,  which  will 
yield  to  those  who  a.scend  them  still  wider  prospects,  and  deepen  the  feel- 
ing, whose  truth  is  emi)hasized  by  every  advance  in  science,  that  'Great 
are  the  works  of  the  Lord.' " 


'Soientific  Am.  Sup.  63,  Nos.  1757  and  1758,  pp.  154, 155  and  174-176.    Sept.  4  and  Sept.  11, 
1909. 
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Recent  Progress  in  Botany. 


By  John  M.  Ooui.teu. 

Mr.  Chairman  and  Members  of  the  Academy:  When  I  face  the  Indiana 
Academy  of  Science  at  its  twenty-flfth  anniversary,  I  feel  more  lilve  speali- 
ing  of  old  times  than  upon  any  technical  subject.  However,  perhaps  some 
of  these  reminiscences  may  appear  at  the  banquet  tonight,  and  I  will  re- 
strict myself  just  now  to  the  progi'am. 

It  is  very  hard  for  one  who  has  not  lived  and  worked  through  the 
period  covered  by  the  history  of  this  Academy  to  appreciate  the  changes 
that  have  taken  place  in  the  science  of  botany.  Those  of  you  who  have 
come  into  the  subject  during  the  last  decade  can  hardly  have  a  full  ap- 
preciation of  what  you  have  missed  and  of  what  rapid  development  has 
taken  place.  At  the  time  this  Academy  was  being  founded,  almost  all  the 
instruction  and  investigation  in  botany  was  in  taxonomy  or  classification, 
and  that  was  chiefly  restricted  to  the  classification  of  flowering  plants. 
I  shall  not  weary  you  by  recounting  all  of  the  important  changes  that  have 
taken  place  since  that  time,  but  I  wish  to  point  out  a  few  things  that  have 
Impressed  me. 

The  first  impressive  change  is  the  tremendous  development  and  differ- 
entiation of  the  subjei't  during  the  period  covered  by  the  history  of  this 
Academy.  In  the  background  we  have  still  the  old  historic  field  of  tax- 
onomy, which  is  being  cultivated  with  greater  zeal  than  ever.  But  the 
first  change  to  note  is  the  great  development  of  the  comparatively  new 
w-ience  of  morphology.  In  these  days  morphology  has  come  to  mean  the 
structure  and  evolution  of  the  plant  kingdom  as  a  whole,  and  its  develop- 
ment has  been  little  short  of  man'elous.  Perhaps  the  first  change  from 
the  old  r^me  was  brought  about  in  this  country  by  the  appearance  of 
Bessey's  Botany  in  1880,  and  from  that  date  began  tlie  development  of 
modem  morphology  in  the  United  States. 

In  connection  with  the  development  of  morphology  there  have  grown 
up  various  expressions  of  it  that  ha\e  demanded  special  technique.  The 
first  of  these  to  appear  was  that  which  is  known  as  cytology.  In  collect- 
ing the  facts  in  reference  to  the  cell  as  a  unit  of  structure,  morphologists 
s»oon  discovered  that  something  must  be  known  about  cell  structure,  and 
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thus  a  very  special  technique  has  been  developed  and  is  still  developing. 
Cytology  might  be  defined,  therefore,  as  morphology  at  the  limit  of  tech- 
nique. 

In  more  recent  years  there  has  been  another  outgrowth  from  morphol- 
ogy and  still  a  part  of  It.  For  many  years  there  had  been  what  was  recog- 
nized to  l)e  a  great  rubbish  heap  of  facts  called  anatomy.  For  example, 
the  classic  **Coniparative  Anatomy  of  Phanerogams  and  Ferns,"  by  De 
Bary,  contains  a  mass  of  facts,  but  they  are  inchoate.  Many  of  them  were 
used  in  instruction,  for  In  the  early  days  of  morphological  Instruction  facts 
were  simply  collected  without  reference  to  their  relationships.  Presently, 
as  morphology  began  to  develop  Ideas,  it  was  felt  that  these  anat(Hnlcal 
facts  might  mean  something  when  organized;  but  In  the  abs«ice  of  such 
organization  they  were  largely  abandoned  in  instruction.  Recently,  how- 
ever, there  has  been  rescued  from  this  rubbish  heap  the  new  subject  of 
vascular  anatomy,  which  has  become  a  tremendous  instrument  in  the  de- 
velopment of  our  knowledge  of  plant  groups  and  of  the  evolution  of  vascu- 
lar plants  In  particular.  Thus  vascular  anatomy  has  greatly  extended 
morphology,  which  at  first  chiefly  concerned  Itself  with  the  reproductive 
structures.  It  still  remains  for  some  one  to  organize  in  a  similar  way 
the  vegetative  structures  outside  of  the  vascular  system,  and  then  morpliol- 
ogy  for  the  first  time  will  have  its  facts  fairly  In  hand. 

Under  the  shadow  of  this  morphological  development  there  appeared 
another  growth  known  as  pathology.  The  progress  made  in  plant  pathol- 
ogy during  the  period  covered  by  the  life  of  this  Academy  Is  familiar  to 
many  of  its  members.  It  began  as  morphology,  but  as  it  progressed  it 
became  more  and  more  clear  that  it  would  have  to  join  Itself  to  physiology, 
and  so  pathology  may  be  called  a  cross  between  morphology  and  physiology 
in  its  recent  development. 

Another  great  field  that  came  In  connection  with  this  development 
of  morphology,  even  more  recently,  is  paleobotany.  There  has  been  sudi 
a  subject  ever  since  people  have  uncovered  plant  remains  and  their  im- 
pressions in  the  rocks;  but  Its  method  was  to  match  fossil  fragments 
with  living  plants,  so  that  identification  was  always  uncertain.  The  tech- 
nique of  today,  however,  has  enabled  us  to  secure  knowledge  of  structures, 
and  since  vascular  anatomy  has  been  put  upon  a  phylogenetic  basis  we  have 
a  key  by  which  the  relationships  of  these  ancestral  plants  may  be  un- 
locked. 
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I  can  only  mention  the  remarkable  advance  that  has  taken  place  in 
plant  physiology,  and  also  in  the  new  subject  of  plant  ecology.  There 
should  be  added  plant  breeding,  which  has  not  only  its  important  scientific 
aspects  in  connection  with  theories  of  heredity  and  the  origin  of  species, 
but  has  also  such  enormous  practical  applications  that  it  is  reaching  out 
into  the  needs  of  men. 

This  gives  merely  a  glimpse  of  how  the  old  science  of  botany,  as  it 
really  was  when  this  Academy  was  founded,  has  branched  out  into  its 
present  field  of  achievement  The  student  of  twenty-five  years  ago  who 
had  studied  botany  in  our  colleges  and  learned  just  enough  about  gross 
morphology  to  be  able  to  use  Gray's  "Manual"  intelligently,  and  who  re- 
garded that  to  represent  all  there  was  in  botany,  would  be  astonished  to 
see  the  development  of  today. 

Following  this  outline  of  the  expansion  of  botany  in  general,  I  wish 
to  speak  of  three  or  four  of  the  most  notable  advances  made  in  my  own 
special  region  of  morphology,  and  that  is  the  morphology  of  vascular 
plants.  To  me  the  most  striking  feature  of  morphological  progress  dur- 
ing the  last  twenty-five  years  has  been  the  breaking  down  of  the  old  bar- 
rier set  up  between  what  were  called  cryptogams  and  phanerogams,  the 
barrier  that  separated  fern  plants  from  seed  plants.  Not  only  was  this 
felt  to  be  a  solid  barrier,  but  even  in  universities  chairs  of  botany  have 
been  distinguished  on  the  basis  of  this  division  of  plants.  If  there  is  any 
place  in  the  whole  series  of  plants  where  there  is  no  gap  between  great 
groups  it  is  this  very  place.  I  can  call  attention  only  to  two  conspicuous 
facts  that  stand  out  in  this  connection.  One  is  the  discovery  a  few  years 
ago  that  certain  g>'mnosperms  (cycads)  possess  fern-like  swimming  sperms, 
a  feature  that  associates  these  seed  plants  very  closely  with  ferns.  The 
second  Is  the  discovery  during  the  present  decade  of  the  great  paleozoic 
group  of  fem-llke  seed  plants.  All  are  familiar  with  the  fact  that  the 
coal  vegetation  was  thought  to  be  largely  a  fern  vegetation  because  the 
preserved  leaves  looked  like  fern  leaves;  but  It  Is  now  recognized  that 
all  of  these  great  frond  groups  of  the  coal  vegetation  were  seed-bearing 
plauts.  In  fact,  paleobotanists  are  sure  now  of  only  one  family  of  paleo- 
zoic ferns. 

Another  fact  of  e<iuul  Interest  Is  the  uncovering  of  the  so-called  meso- 
zolc  cycads.  These  have  proved  to  be  far  removed  from  the  other  gymno- 
sperms  in  their  essential  characters.    We  have  a  sort  of  national  pride  in 
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the  uiK*overliig  of  this  singular  group,  because  the  greatest  deposits  are 
in  this  country.  The  work  of  Wiehmd  in  revealing  the  rich  dei)08it8  of 
these  plants  In  the  Blacli  Hills  region  and  In  sectioning  the  cones  with 
admirable  skill  and  patience  Is  well  known.  For  the  last  five  months 
Wieland  has  been  exploring  southern  Mexico,  and  has  discovered  a  sec- 
tion  2,0<K)  f(H»t  In  thickness  that  Is  packed  with  the  remains  of  this  i>e- 
cullar  group,  making  It  undoubtedly  the  greatest  deiK)slt  of  these  plants* 
In  the  world.  They  are  regarded  now  as  of  great  Interest  bei^ause  the 
peculiar  structure  of  their  cones  has  suggested  the  i)osslblllty  that  they 
may  be  a  group  of  gymnosperms  that  has  given  rise  to  anglo8i)erms. 

Perhaps  another  notable  change  that  deser>'es  mention  is  the  practical 
demonstration  of  the  relationship  betwc»en  the  two  groui)8  of  anglosi)enus. 
It  was  thought  once  that  the  monocotyledons  were  the  more  primitive 
nnglos|)erms,  and  that  tlie  dicotyledons  were  the  more  recent.  We  feel 
assure<l  now  that  the  monm^otyledons  have  been  derived  from  dicotyleilons. 
for  every  mon^K-otyletlon  starts  with  the  vascular  system  of  a  dicotyledon ; 
and  if  there  Is  anything  true  in  the  old  theory  of  recapitulation,  the  rela 
tionship  of  these  two  groups  is  evident. 

Perhaps  the  most  notable  change  In  morphology  Is  the  change  in  men- 
tal attitude,  and  particularly  In  reference  to  the  constniction  of  phy- 
logenies.  I  remember  that  at  the  early  meetings  of  this  Academy  we  were 
in  the  habit  of  constructing  very  complete  and  satisfactory  phylogenies. 
We  were  sure  just  how  one  plant  group  descended  fi'om  another.  That  Is 
always  easy  when  the  facts  are  few;  but  now  that  facts  are  numerous, 
no  one  Is  able  to  construct  a  satisfactory  phylogeny.  No  one  Imagines  now 
that  any  living  group  has  descended  from  any  other  living  group. 

Another  marked  advance  Is  the  change  of  mental  attitude  in  conne**- 
tiou  with  morphological  work,  in  which  morphology  lias  clasi>ed  hands 
with  physiology.  I  can  only  indicate  some  of  its  results.  It  has  destroye^l 
the  old  rigid  categories.  Botany  was  once  largely  an  extensive  system 
of  terminology.  Now  we  have  imssed  from  the  days  of  terminology  to 
the  days  of  knowletlge,  and  terminology  no  longer  mas(iueradt*s  as  knowl- 
edge. Not  one  of  th<»  old  definitions  has  sIimkI  the  tt*st  of  experimental 
morphology.  Kxi)erimcntal  mori)liology  lias  also  heliHNl  to  rid  us  of  that 
old,  Calvinislic  notion  of  prtMh'stinalion  in  i»lant  <irgans.  Once  it  was 
thought  that  every  priniordiinn  was  destincil  to  be  one  [mrticular  structure 
and  nothing  else.     Now  we  know  that  a  i>rimordlum  may  biH-ome  almost 
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anjibiii;;  under  approiu'late  conditions,  and  is  not  destined  to  i)e  some 
particnlar  stnic-tnre. 

One  of  tlie  most  iuterestinj;  iw^-ent  results  of  exjierimental  mori)liol(»j;y 
Ims  lK*en  tliat  ol>tained  in  exiM»riniental  work  on  heterospory.  It  lias  been 
sliox-n  that  it  is  possible  to  develoii  megaspores  from  eel  is  ttiat  ordinarliy 
develop  ndcroRjJores.  It  is  sueii  results  that  are  playing  fast  and  loose 
witli  our  old  conceptions  of  rigidity  of  structure  and  function. 

I  (-jin  merely  menti<m  tlie  Held  of  plant  pliysiology.  If  I  S))eak  of  the 
(liangcs  lliat  have  taken  place  witliin  th»'  last  Ivventy-five  years,  I  nuist 
show  (lie  atmos[>here  in  wliidi  we  are  living  by  assuring  you  tiiat  I  am 
not  the  one  to  make  such  a  presentation.  In  tlie  old  days  one  man  taught 
all  there  was  of  botany,  and  probably  he  taught  all  there  was  of  science. 
Today  I  have  been  compelled  to  ask  a  competent  plant  physiologist  con- 
cerning the  notable  changes.  He  tells  me  that  there  are  two  conspicuous 
changes  In  the  point  of  view.  One  is  the  gradual  passing  of  the  old  vital- 
istic  Idea,  which  implied  that  there  was  some  such  thing  as  vital  foi'ce  that 
explained  mast  things.  Now  the  facts  are  explained,  not  in  terms  of  vital 
force,  but  in  terms  of  chemistry  and  physics.  Another  shifting  point  of 
view  is  a  change  from  the  old  Icoa  tlmt  form  and  structure  are  the  result 
of  some  mysterious  law  of  development,  to  the  idea  that  form  and  struc- 
ture are  entirely  exi>ressions  of  the  conditions  under  which  growth  has 
i>een  conducted. 

The  very  new  field  of  ecology  at  present  is  in  the  condition  of  these 
other  fields  more  than  a  decade  ago.  Young  tlelds  are  largely  jokes  to  the 
older  ones;  but  there  has  been  a  change  in  ecology  during  the  last  few 
years.  It  has  passed  from  the  stage  of  inchoate  ol)servatlon,  in  which  in- 
struction in  ecology  could  not  l)e  differentiated  with  distinctness  from  a 
holiday  excursion,  to  methods  of  precision. 

In  conclusion,  as  one  looks  out  over  this  great  progress,  he  finds  that 
it  Is  all  really  an  inevitable  evolution  from  the  stimulus  that  was  given 
first  by  Ilofmeister  in  1808  to  morphology,  and  ten  years  later  by  Charles 
hirwin  to  biology  in  general. 

irniversity  of  Chicago, 
(^dcago.  III. 
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Dabwin  Fifty  Yeabs  Aftbk, 


By  Db.  Dayid  Stabb  Jordan. 


Scientific  men,  as  a  rule,  do  not  pay  mucti  attention  to  birthdays ;  but 
certain  anniversaries  liave  been  impressed  upon  our  minds  of  late,  and  in 
the  last  two  years  there  have  been  many  celebrations :  The  two  hundredth 
anniversay  of  Linnaeus,  and  the  one  hundred  and  fiftieth  of  his  great  work, 
"Systema  Natur»" ;  the  one  hundredth  anniversary  of  the  birth  of  Agassiz, 
the  greatest  teacher  of  science ;  the  one  hundredth  anniversay  of  the  birth- 
day of  Charles  Darwin,  and  the  fifth  anniversary  of  the  publication  of 
"The  Origin  of  Species,"  the  greatest  landmark  of  the  history  of  the  nine- 
teenth century.  Twenty-five  years  ago  we  note  another  landmark  of  im- 
port to  us.  It  was  then  that  Amos  Butler  brought  his  Brookville  academy 
to  Indianapolis,  where  its  first  meeting  was  held  on  December  29,  1885.  As 
I  was  just  then  elected  president  of  Indiana  University,  the  youngest  of 
all  the  college  presidents — and  the  greenest — being,  therefore,  by  some 
preferred  to  the  drier  article,  I  was  made  president.  With  this  came  the 
suggestion  that  two  others  who,  like  myself,  had  fought  each  year  on  the 
bloody  sands  of  the  educational  arena  of  Indiana — John  Coulter  and  Har- 
vey Wiley — would  be  my  successors. 

At  that  time  the  Idea  of  evolution  was  in  the  air,  the  theory  of  descent, 
that  the  forms  now  living  were  created,  not  by  mysterious  power,  but  by 
the  operation  of  natural  selection  and  the  survival  of  the  fittest  It  was 
my  fortune  to  have  been  brought  up  as  a  student  of  Agassiz,  having  heard 
all  his  lectures  on  this  subject,  and  inherited  his  prepossessions.  It  was 
my  own  studies  of  animals  which  led  me  little  by  little  to  become  an  evo- 
lutionist, and  I  have  said  that  I  went  over  to  that  view  of  the  case  about 
as  graciously  and  as  willingly  as  a  cat  which  a  boy  draws  across  the  carpet 
by  Its  tail. 

I  remember  it  was  out  at  Broad  Ripple,  just  north  of  this  city,  where 
Copeland  and  myself  first  definitely  decided  that  we  were  converts  to  Dar- 
winism. The  little  sand  darter  in  the  river  is  a  sort  of  perch,  but  differs 
from  any  others  in  having  veiy  few  scales,  and  these  very  thin  ones.  We 
t^tified  to  our  faith  by  an  article  In  which  we  said  that  these  little  animals 
are  derived  from  the  scaly  perches;  that  we  did  not  know  whether  it  has 
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lost  Its  scales  because  it  buries  itself  in  the  sand  and  d:)es  not  neetl  them, 
or  whether  it  buries  itself  in  the  sand  because  it  has  no  scales  and  uee<lf^ 
protection,  or  whether  burying  itself  in  the  sand  there  has  come  to  be  a 
gi'adual  selection  of  those  whose  scales  are  fewest  and  thinnest.  Anyhow, 
we  were  sure  of  its  origin,  and  that  it  was  descended  from  some  of  the 
other  forms  of  dwarf  perch  to  that  called  the  Johnny  Darter. 

Many  men  before  Darwin  had  taught  the  theory  of  descent,  but  Dar- 
win gave  the  first  rational  exposition  of  how  it  came  about  by  natural 
l)roces8es.  He  showetl  that  adaptation  is  the  natural  result  of  the  sur- 
vival of  the  adapted  in  the  strug'^le  for  existence.  Variation  is  every- 
where among  animals  and  plants.  No  two  animals  or  plants  are  ever 
alilve.  There  is  everywhere  a  great  wealth  of  life— more  are  b:>rn  than 
can  mature,  and  those  survive  and  live  who  are  able  to  fit  themselves  Into 
the  scheme  of  life.  Darwin  did  not  Relieve  in  evolution  in  vacuo,  that  is. 
evolution  wholly  independent  of  <\\ternal  circumstances  and  conditions, 
but  this  heresy  that  the  laws  of  evolution,  which  are  simply  the  way 
things  come  about,  can  produce  evolution  and  divergence  without  any  ex- 
cept metaphysical  causes,  still  has  a  large  body  of  followers.  It  is,  In  my 
Judgment,  one  of  the  heresies  of  the  present  time. 

In  the  evolution  <»f  any  species  in  the  rough-and-tumble  of  life,  we 
have  these  four  elements:  Variation,  heredity,  selection  and  sesjregation. 
Variation  Is  the  starter.  It  is  interwoven  with  the  operation  of  heredlty. 
The  favorable  variation  survives,  and  the  animal  or  plant  pos.sesslng  it 
gives  rise  to  the  next  generathm.    This  is  selei-tion. 

The  oi)eration  of  isolation  is  this:  A  group  becomes  separated  by  som<» 
barrier  which  the  individual  can  not  cross.  Little  by  little  the  si)ecles  bi^- 
come  separatetl  into  two  or  more  s])ecies,  one  just  as  well  adapted  as  the 
other.  It  is  not  often  that  diflTeiences  l>etween  sjiecies  are  differences  In 
adaptation.  It  Is  therefore  not  often  that  they  are  due  to  natural  selec- 
tion. The  final  difference,  the  final  polishing  or  rounding  off  of  the  species 
giving  it  its  distinctive  minor  character,  is  due  to  isolation.  Variation 
and  heredity  are  Inside  the  individual.  The  incidents  of  selection  and 
isolation  are  of  tlie  outside  wnrld.  They  are  part  of  the  modifying  con- 
ditions of  life.  Without  (ontact  with  the  outside  influences.  In  my  be- 
lief, there  is  no  evolution. 

Darwin  may  be  comimrtnl  to  an  explorer  in  a  new  country.  From 
s(»me  high  i)oint  he  makes  a  map  of  the  country,  locating  its  Siilient  fea- 


KM) 

tures,  its  rivers,  lakes,  iwaks  and  cliffs.  The  detail  must  be  worked  out 
by  those  who  come  after.  In  the  case  of  Darwin  the  map  remains  sub- 
stantially as  it  was,  although  many  have  worked  at  the  various  details 
with  which  the  modern  chart  is  tilling  up.  The  discovery  of  the  micro- 
scope has  enabled  us  to  frame  a  rational  theory  of  heredity  and  to  under- 
stand with  some  degree  of  certainty  the  physical  basis  of  the  functions 
of  inheritance.  The  morphology  of  animals  has  been  very  fruitfully  studied 
by  many  men.  Many  others  have  develoi)ed  the  history  of  past  life  on  the 
earth,  and  we  would  have  to  have  a  theory  of  evolution  to  account  for 
this,  if  Darwin  had  not  furnished  one  already. 

The  three  men  most  famous  since  Darwin  are  these:  Wagner,  Weiss- 
mann  and  Mendel.  Mendel  died  before  Darwin  wrote  and  his  work  on  the 
"Heredity  of  Peas"  was  forgotten  until  after  Darwin's  time,  but  has  be- 
come a  very  important  factor  in  our  exi)erimental  studies  of  living  forms 
in  relation  to  inheritance.  Wagner  was  the  tirst  one  to  lay  adequate  stress 
on  the  idea  of  Isolation  as  a  spe<ies- forming  Influence.  His  weakness  was 
that  he  rejected  selection  as  an  element,  assigning  to  isolation  the  impos- 
sible task  of  accounting  for  all  the  external  phenomena  in  the  origin  of 
siieeies.  To  Welsmann  we  owe  more  than  to  any  one  else  our  pi-esent 
knowledge  of  heredity. 

Theories  of  less  importanc*e  are  Elmer's  orthogenesis,  which  has  a 
good  deal  behind  it,  and  which  we  shall  probably  accept  if  some  genius 
will  arise  to  tell  us  what  it  means.  It  rests  on  the  fact  that  we  have  many 
long  series  of  animals  which  seem  to  have  progressively  varied  as  time 
went  on. 

The  study  of  the  mutations  of  the  evening  primrose  by  De  Vries  has 
given  many  hints  as  to  possibilities  In  plant  breeding.  I  do  not  believe  that 
the  theory  that  species  are  mainly  or  largely  formed  by  sudden  mutations 
will  survive  the  present  generation  of  De  Vrles'  followers,  but  the  impulse 
given  to  experimental  study  of  plants  will  long  continue. 

More  than  thirty  years  ago  I  used  these  words  in  Indianapolis: 

"Darwin  lies  in  Westminster  Abbey,  by  the  side  of  Isaac  Newton,  one 
of  the  noble  men  of  the  past  whose  life  had  made  his  own  life  possible. 
Of  all  who  have  written  or  siwken,  by  none  has  an  unkind  word  been  said. 
HI«  was  a  gentle,  patient  and  reverent  si)lrlt,  and  by  his  death  has  not 
only  science,  but  our  conception  of  Christ.  lMH»n  advanc<»d  and  ennobled." 
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Methods  and  Materiai^s  Used  in  Soil  Testing. 


By  H.  a.  Huston. 


The  consumption  of  commercial  plant  foods  in  the  United  States  has 
reached  approximately  5,000,000  tons  and  the  cost  to  the  consumer  is 
nearly  equal  to  the  sum  which  we  formerly  paid  for  imported  sugar,  and 
which  became  the  slogan  in  the  campaign  to  establish  the  beet  sugar  in- 
dustry in  America— $100,000,000. 

The  industry  is  established,  but  by  no  means  stationary.  It  has  in- 
creased at  least  50  per  cent,  during  the  past  five  years,  a  very  high  rate 
considering  the  magnitude  of  the  business. 

In  the  manufacture  and  control  of  these  products  there  is  employed  a 
large  number  of  chemists,  and  the  Association  of  Official  Agricultural 
Chemists,  now  over  a  quarter  of  a  century  old,  was  originally  formed  for 
devising  suitable  methods  of  analysis  for  these  products.  Thirty- three 
States  have  special  laws  for  fertilizer  inspection.  The  American  Chemical 
Society  recently  organized  a  Division  of  Fertilizer  Chemists,  and  most  of 
our  agricultural  colleges  and  experiment  stations  devote  a  considerable 
amount  of  attention  to  the  subject. 

The  farmer  wants  to  know  the  facts  about  commercial  plant  foods  and 
all  officialdom,  from  the  bureau  chiefs  of  the  National  Department  of 
Agriculture  to  the  local  speaker  at  the  township  farmers'  institute,  un- 
dertakes to  enlighten  him. 

In  those  sections  of  the  country  where  fertilizers  have  been  longest 
used — along  the  Atlantic,  the  eastern  gulf  coast  and  the  upper  Ohio  Val- 
ley— the  experiment  stations  and  control  officials  appreciate  the  magnitude 
and  importance  of  the  industry  and  understand  its  vital  relation  to  crop 
production.  In  marked  contrast  to  this  is  the  state  of  affairs  in  the  greater 
part  of  the  great  area  drained  by  the  Mississippi,  where  the  most  of  our 
maize,  wheat  and  oats  are  produced.  Here  we  find  also  the  curious  com- 
bination of  land  rapidly  Increasing  in  money  value  and  at  the  same  time 
declining  In  productiveness,  while  the  cost  of  farm  labor  is  increasing. 
These  circumstances  cause  the  farmer  to  inquire  how  his  crops  may  be 
increased  and  whether  commercial  plant  foods  may  be  profitable  In  this 
connection. 
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Some  thirty-five  years  ago  the  winter  wheat  growers  of  the  Ohio  Val- 
ley began  to  use  fertilizers,  most  of  the  material  being  the  side  products 
of  the  packing  houses,  mainly  bone  meal.  Very  profitable  results  were 
secured  and  the  trade  rapidly  increased.  In  time  acidulated  goods  were 
introduced,  often  being  mixtures  of  equal  parts  of  acid  phosphate  and 
bone.  Later  came  the  "complete"  fertilizer,  being  ammonia  2,  available 
phosphoric  acid  8,  and  potash  2  per  cent.  This  is  still  the  so-called  basal 
formula,  that  is,  the  one  used  as  a  starting  imlnt  In  calculating  the  trade 
value  of  gocKls  with  different  formulas.  About  two-thirds  of  the  fertilizer 
used  in  that  section  consist  of  complete  fertilizer;  the  use  of  bone  and  am- 
moniated  phosphate  is  declining  and  the  use  of  mixtures  of  acid  phosphate 
and  potash  is  rapidly  increasing.  Common  applications  for  wheat  are  from 
one  to  two  hundred  pounds  per  acre,  and  It  is  almost  invariably  applied 
with  a  fertilizer  attachment  at  the  same  time  the  seed  is  sown.  The 
efficiency  of  the  fertilizer  in  securing  a  stand  of  clover,  the  seed  of  which 
is  sown  before  the  wheat  starts  Its  spring  growth,  is  a  point  to  which  the 
farmers  attach  considerable  importance  and  the  increase  In  clover  pro- 
duction may  in  part  account  for  the  reduction  in  the  amount  of  nitrogen 
in  the  fertilizers  no)v  used  as  compared  with  that  used  at  an  earlier  period. 

The  use  of  fertilizers  gradually  extend  to  other  crops,  but  fully  two 
thirds  of  the  fertilizer  sold  in  the  Ohio  Valley  are  used  on  winter  wheat. 
The  general  tendency  in  composition  has  been  to  reduce  the  nitrogen  and 
increase  the  potash,  while  the  phosphoric  acid  has  remained  practically 
unchanged.  Ready  mixe<l  brands  are  the  rule,  home  mixing  the  rare 
exception. 

It  Is,  however,  unnecessary  to  state  that  much  of  this  plant  food 
has  been  used  in  a  most  haphazard  way  and  that  both  buyer  and  local 
seller  knew  little  about  the  comiK)sition  of  the  goods  sold  or  their  fitness 
for  the  crop  or  soil  on  which  they  were  to  be  used. 

The  one  thing  which  stood  out  very  clearly  was  that  they  paid;  that 
by  their  use  good  crops  of  wheat  could  be  secured  where  unprofitable 
crops  grew  before;  and  that  a  stand  of  clover  or  grass  could  be  secured, 
a  suitable  rotation  of  croi)s  established  and  maintained,  and  that  the  cost 
of  the  fertilizer  was  returned  many  fold  in  the  increase  of  wheat  grain 
alone.  Ten  pounds  of  fertilizer  costing  from  ten  to  fifteen  cents  produced 
on  the  average  an  increase  of  a  busliel  of  wheat.  This  condition  exists 
over  much  of  the  winter  wheat  belt  extending  from  Kansas  east  and  com- 


luislng  an  area  of  probably  2(K),000  .square  miles.  These  faets  have  ex- 
isted too  long  and  eover  too  much  territory  to  be  ascribe<i  to  Iwal  pecu- 
larities  of  soil  or  season.  The  wheat  ^'ower  knows  that  fertilizers  pay. 
Bat  as  brands  multiplied  the  question  arose  which  is  the  more  profitable, 
and  many  made  simple  tests  of  different  brands  In  which  the  popularity 
of  the  local  agent  received  more  consideration  than  the  amount  and  kind 
of  plant  food  In  the  gooiis:  tliey  obtained  the  ccuifusing  results  that  might 
have  been  expei'ted  under  these  conditions.  Better  informed  farmers  ap- 
I>lied  to  their  exi>erinient  stations  and  agricultural  colleges  for  aid.  and 
in  most  eases  were  surprised  to  be  told  either  that  connnerclnl  i>lant  focnls 
did  not  pay  or  that  they  were  unnecessary. 

An  examination  of  the  records  of  field  tests  ccmducted  by  experiment 
stations  In  the  w^inter  wheat  i*e<*tion  shows  that  many  experiments  have 
been  made,  especially  on  wheat,  and  that  most  of  them  have  been  rei>orted 
unprofitable.  This  apparent  conflict  between  the  results  of  practical  and 
scientific  agriculture  has  to  some  extent  i)revented  the  extension  of  the 
sale  of  plant  food  to  territory  where  It  was  very  much  needed.  One  may 
fairly  inquire  why  the  results  of  the  experimental  field  tests  differ  so 
widely  from  the  results  obtained  In  ordinary  farm  i)ractice  in  the  same 
sections. 

Fii'st,  we  may  consider  certain  things  that  are  general  In  their  nature. 
Many  experiments  are  reported  where  relatively  heavy  applications  of 
farm  yard  manure  have  been  compared  with  applications  of  various  brands 
and  quantities  of  fertilizers  without  any  clear  statenjent  or  apparent 
knowledge  of  the  composition  of  the  latter.  Such  exi)erinients  are  almost 
invariably  reimrted  as  showing  that  manure  Is  more  profitable  than  the 
fertilizer,  which  Is  not  strange  In  view  of  the  fact  that  in  the  valuations 
the  full  cost  of  the  fertilizer  Is  charged  up,  while  to  the  manure  Is  charged 
only  the  cost  of  hauling.  In  such  reports  there  is  often  a  very  clear  inti- 
mation that  the  result  is  quite  In  line  with  the  i)recon('eived  notions  of 
the  experimenter  and  that  in  discouraging  the  use  of  "expensive  fertil- 
izers'* he  Is  at  least  telling  farmers  what  they  like  to  hear  even  though 
It  conflicts  with  what  they  need  to  know. 

The  method  of  application  of  the  plant  food  is  in  many  cases  resjion- 
slble  for  a  considerable  part  of  the  difference  observed  between  field  prac- 
tice and  plot  exi^rlments.  Application  with  the  drill  at  the  time  of  sow- 
ing small  grains,  which  is  the  ccanmon  method,  freijuently  gives  profitable 
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results  when  the  same  niiiouut   and  kind  of  fertilizer  applied   broadcast 
is  unprotitable,  and  the  same  remarl<  ai>plies  to  light  applications  on  maize. 

One  of  the  principal  reasojis  for  unprofitable  results  from  plot  tests 
is  found  In  failure  to  make  a  distinction  between  the  fertilization  of  crops 
producing  high  money  values  per  acre,  like  truck  and  fruit,  where  the 
whole  plant  food  supply  may  be  profitably  secured  from  chemical  manures, 
and  such  crops  as  wheat,  oats  and  maize,  where  the  chemical  fertilizers 
must  be  used  to  supplement  and  balance  the  supplies  from  the  soli,  farm 
yard  and  legume  field.  The  cost  of  full  rations  of  commercial  nitrogen 
can  only  occasionally  bo  recovered  In  the  wheat  crop  and  rarely  if  ever 
in  the  case  of  oats  and  maize.  Double  rations  of  phosphoric  acid  are  often 
profitable  and  from  one-half  to  full  rations  of  potash.  In  most  of  the 
early  plot  exi)eriment8  full  rations  were  used,  and  sometimes  the  cost  of 
the  fertilizer  for  maize  was  greater  than  the  total  sum  received  for  the 
crop  even  when  the  yields  were  good. 

Perhaps  the  contrast  between  the  plot  tests  and  the  farm  practice 
can  be  shown  better  in  the  form  of  the  amounts  per  acre  and  the  formula. 
In  some  of  the  wheat  plot  tests  exfending  over  twenty  years  the  fertilizer 
is  the  equivalent  of  500  iK)unds  per  acre  of  goods  having  formula  of  nitro- 
gen 10  per  cent.,  phosphoric  acid  5  per  cent,  and  potash  G  per  cent ;  at  the 
same  time  this  series  was  started  the  common  wheat  fertilizer  was  100  to 
200  pounds  per  acre  of  2-8-2,  which  has  gradually  changed  to  2-8-G ;  nitro- 
gen Is  sometimes  increased  to  3  per  cent.  The  maize  series  of  plots  re- 
ceived the  equivalent  of  1,000  i)ounds  i^er  acre  of  a  goods  having  a  formula 
of  nitrogen  12  per  cent.,  phosphoric  acid  4  per  cent,  and  potash  G  per  cent, 
while  farm  practice  on  maize  uses  100  to  300  iK)unds  i)er  acre  of  goods 
having  little  or  no  nitrogen  and  containing  from  5  to  10  per  cent,  phos- 
phoric acid  and  4  to  10  per  cent,  of  potash.  For  clay  soils  a  common 
maize  fertilizer  Is  0-10-4,  for  loams  0-8-8  and  for  black  sandy  soils  0-6-10, 
while  on  the  peat  or  muck  soils  100  pounds  per  acre  of  muriate  of  potash 
or  Its  equivalent  In  kalnlt  are  commonly  used.  A  small  amount  of  nitro- 
gen is  sometimes  added,  usually  about  1  per  cent. — rarely  over  2. 

The  cost  per  acre  of  the  maize  fertilization  would  be  about  $30  for 
the  plot  work  and  from  $1  to  $4  per  acre  for  the  fertilizers  commonly  used. 
The  cost  per  acre  of  the  wheat  fertilization  would  be  about  $15  for  the 
plot  work  and  from  $1  to  $3  per  acre  for  the  fertilizers  commonly  used. 

In  general  It  may  be  said  that  the  fertilizers  used  on  wheat  and  maize 
furnish  about  as  much  phosphoric  acid  as  the  crop  removes,  rarely  as 
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much  as  one  half  ration  of  potash  and  never  over  one-flfth  ration  of  nitro- 
gen, while  the  plot  experiments  have  undertaken  to  supply  full  rations  for 
a  full  crop,  which  is  fully  double  an  average  crop. 

The  quantities  of  fertilizer  used  in  the  plot  tests  mentioned  above 
seem  quite  absurd  to  the  American  grain  grower,  yet  they  are  very  con- 
servative compared  with  another  set  inaugurated  at  about  the  same  time 
in  which  2,000  pounds  of  acid  phosphate,  600  pounds  of  sulphate  of  potash 
and  600  pounds  of  sulphate  of  ammonia  per  acre  were  used,  or  with  an 
extensive  set  of  orchard  experiments  in  which  the  plans  called  for  the 
application  of  40  pounds  of  muriate  of  potash  with  corresponding  amounts 
of  nitrogen  and  phosphates  to  each  two  year  old  tree. 

In  the  case  of  the  plot  experiments  conducted  for  the  purpose  of  de- 
termining the  value  of  the  different  plant  foods,  the  excessive  quantities 
have  often  caused  a  profit  to  be  shown  for  only  the  particular  plant  food 
which  was  most  deficient,  while  if  more  reasonable  quantities  had  been 
used  each  would  have  shown  a  profit.  It  is  not  unusual  to  find  reports 
of  these  experiments  that  recommend  the  use  of  a  single  plant  food  as  all 
that  is  necessary  merely  because  it  was  the  one  that  chanced  to  give  the 
largest  profit. 

As  compared  with  this  line  of  plot  experiments  with  full  rations  we 
may,  perhaps,  devote  a  moment  to  results  of  plot  experiments  where 
amounts  and  formulas  generally  used  in  farm  practice  were  taken  as  a 
basis. 

On  a  typical  worn  clay  wheat  land  an  experiment  was  undertaken  on 
the  basis  of  300  pounds  per  acre  of  goods  containing  nitrogen  3  per  cent, 
available  phosphoric  acid  10  per  cent  and  potash  6  per  cent,  each  element 
being  omitted  in  turn  In  the  usual  way. 

The  following  results  were  obtained: 


Fertiliisers  applied 

Yield, 
bushels 
per  acre. 

Reduction  from  Omitting 

per  acre. 
Equal  to — 

Nitrogen. 

Phos.  Acid. 

Potash. 

All. 

300  lbs.  3-10-6 

300  lbs.  0-10-6 

300  lbs.  3-0-^ 

300  lbs.  3-10-0 

None 

33.8 
29.1 

7.6 
26.0 

6.5 

4.7 

•  ■  • . . . 

26.2 


•  •   •   • 

■   •   ■   • 

•  •   •    ■ 

8.8 

•  •   •   • 

•   •  •   • 

.... 
.... 
27.3 

The  uitrogen  in  the  fertilizer  cost  per  acre |1  80 

The  i)ho8i)horlc  acid  cost  ver  acre 1  50 

The  potash  cost  per  acre  1  10 

The  complete  fertilizer  (xjst  per  acre !M  40 

The  uitrogen  Increased  the  croj)  4.7  bushels  at  a  cost  of  $1.80,  the 
pho8i)horic  acid  increased  it  20.2  bushels  at  a  cost  of  $1.50,  while  the  pot- 
ash increased  it  8.8  bushels  at  a  cast  of  $1.10.  As  wheat  sold  at  90  cents 
lK?r  bushel  it  will  be  seen  :it  a  glance  that  all  the  plant  foods  were  used  at 
a  profit,  although,  of  course,  we  are  not  In  a  jmsltion  to  show  that  the 
combination  is  the  one  most  profitable.  Nor  do  we  know  that  this  was 
the  most  profitable  amount.  We  do  know  that  It  was  very  profitable  even 
neglecting  the  value  of  the  increase  in  the  straw  and  the  very  striking 
effect  on  the  clover  which  followed  the  wheat 

The  exi>eriment  is  a  tyidcal  one  for  soils  in  the  winter  wheat  belt, 
and  numerous  others  could  be  given  showing  results  of  just  the  same  char- 
acter and  even  mt)re  striking  in  profits. 

The  figures  show  how  the  lack  of  phosphoric  acid  limited  tlie  croi>. 
and  they  serve  to  explain  why  bone  gave  such  increases  on  these  soils  that 
for  nearly  a  generation  it  was  considered  the  only  profitable  thing  to  use. 

In  another  series  at  a  different  place  the  amounts  of  the  plant  foods 
were  varied,  hut  the  season  was  so  unfavorable  that  the  crop  was  limited 
by  other  considerations  than  plant  fiMMl,  the  maximum  croi)  being  only 
about  13  bushels  per  acre  and  that  of  the  unfertilized  plots  being  only 
2  bushels. 

In  these  cxiK^riments  the  nltn  gen  Is  supplied  from  blood,  the  phos- 
l)horic  acid  from  precipitated  calcium  phosi)hate  free  from  gypsum,  and 
the  potash  from  muriate  of  potash,  the  puri>ose  being  to  use  materials 
exerting  as  little  indirect  effect  as  possible. 

This  matter  is  too  often  overlooked  in  planning  such  experiments, 
and  for  a  considerable  time  the  indirect  effects  may  be  so  great  as  to  mis- 
lead one  who  does  not  take  them  into  consideration.  Thus  the  gypsum  In 
ordinary  acid  phosphate,  amounting  to  alM)ut  one-third  of  its  weight  and 
the  sodium  in  tije  nitrate,  may  each  relense  so  much  potash  from  zeolites 
in  the  soil  that  the  plot  with  nitrate  acid  pliosi>hate  and  jwtash  may  show 
little  if  any  increase  over  that  with  nitrate  and  acid  phosphate.  Compara- 
tively few  experiments  exist  which  have  been  conducted  long  enough  an«l 
in  such  a  way  as  to  she«l  nuich  light  on  the  extent  to  which  the  indirect 
effects  mask  the  direct  effects. 
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lu  such  cases  one  always  turns  to  the  admirable  work  at  Uotliamsted 
for  help  and  the  constantly  increasing  difference  between  tlie  yields  of 
plots  11  and  13  Broadbalk  Field  seem  to  show  that  the  indirect  effects  are 
decreasing.  The  gypsum  alone  on  plot  11  would  theoretically  release  90 
poonds  per  acre  of  potash  annually  while  the  total  annual  application  of 
potash  on  plot  13  is  100  iwunds.  Tlie  theoretic^al  amount  of  potash  that 
could  be  released  by  the  bases  in  the  minerals  useti  on  the  fully  fertilized 
plots  at  Rothamsted  amounts  to  about  400  pounds  of  potash  per  acre  an- 
nually while  the  potash  applied  in  sulphate  amounts  to  100  pounds.  While 
IMrector  Hall  has  clearly  pointed  out  the  difference  between  the  early 
years  and  the  later,  too  many  who  use  Itothamsted  results  to  fortify  their 
arguments  simply  take  the  average  tor  the  whole  period  and  neglect  to 
consider  the  results  by  decades.  ^ 

Especially  when  we  wish  to  secure  indication  of  soil  needs  as  promptly 
as  possible  should  we  take  pains  to  use  materials  that  will  exert  as  little 
indirect  effect  as  iKJSsible.  By  using  blood  as  a  source  of  nitrogen  and 
gypsum  free  precii)itated  phosphates  as  the  source  of  phosphoric  acid  we 
can  remove  most  of  these  indirect  effects  and  at  the  same  time  use  ma- 
terials easily  secured  and  of  high  availability. 

Another  point  that  is  never  considered  in  planning  the  plot  tests  in 
the  section  under  consideration  is  the  marked  difference  in  the  fixing 
IK>wer  of  soils  f(jr  plant  foods  and  the  firmness  with  which  they  hold  them. 
This  is  roughly  recagulze<l  in  providing  for  an  excess  of  phosphoric  ac-Id 
in  t-ommercial  ft.rniulas  but  is  seldom  considered  in  ph)t  tests. 

The  plot  tests  in  most  cases  have  simidy  been  copied  from  i)lans  uiiide 
t)efore  the  nitrogen  gathering  innver  of  bacteria  ass)ciate<l  with  legumes 
was  understood  and  sometimes  altered  because  of  the  injurious  effect  of 
the  excessive  nitrogen  applications  or  too  often  abandoned  altogether  be- 
cause the  growth  of  the  institution  demanded  the  land  for  other  purposes. 
The  frequent  changes  in  the  staff  of  workers  has  also  interfered  seriously 
with  both  the  conduct  of  the  work  and  the  interpretation  of  the  results. 

The  cfonditions  in  the  winter  wheat  section  of  the  United  States  are 
such  that  large  crops  must  be  produced  in  onler  to  realize  a  suitable  re- 
turn on  the  selling  value  of  the  land  and  the  money  spent  for  farm  labor. 
The  small  gniin  crops  are  so  related  culturally  with  tlie  clover  crop  that 
they  are  almost  necessary  in  a  rotation  if  we  expect  to  utilize  our  most 
widely  distributed  legume  as  a  sounc  tf  uitr(»gcn. 
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The  chemical  Industries  supplying  plant  foods  and  the  purchaser  of 
these  products  would  both  be  greatly  benefited  by  the  inauguration  at  our 
experiment  stations  in  the  grain  growing  section  of  experiments  properly 
planned  to  solve  the  question  of  the  most  profitable  method  of  supplement- 
ing the  plant  food  resources  of  the  farma 

Up  to  the  present  time  it  must  be  confessed  that  the  purely  empirical 
methods  of  the  fertilizer  manufacturers  have  produced  results  that  3^eld 
the  farmer  better  returns  than  anything  derived  from  the  experim^its 
started  under  the  old  system  by  the  educational  institutions  in  the  grain 
growing  section,  but  these  are  far  from  being  the  best  obtainable.  Both 
farmer  and  fertilizer  manufacturer  need  the  help  of  the  educational  Insti- 
tutions in  tiie  direction  of  securing  facts  relative  to  the  most  profitable 
methods  of  utilizing  plant  foods  in  the  production  of  our  great  cereal  crops 
— facts  that  will  help  and  not  discourage. 

But  such  experiments  must  take  into  consideration 

The  kind  of  materials  to  use, 

The  avoidance  of  indirect  efl^ects, 

The  right  methods  of  application, 

The  question  of  the  most  profitable  amount,  and  flnaily 

The  rational  Interpretation  of  the  results  obtained. 

German  Kali  Works,  Chicago,  111. 
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Federati  Control  of  International  and  Interstate 

Waters. 


By  Babton  W.  Evermann. 


Mr.  President,  Members  of  the  Academj' — 1  shall  talk  a  very  few  min- 
utes on  this  subject.  The  Idea  of  federal  control  in  matters  pertaining  to 
fisheries  and  game  is  a  recent  one,  and  one  of  recent  and  gradual  develop- 
ment. I  think  perhaps  the  idea  was  first  advanced  in  connecticm  with  the 
control  of  migratory  birds.  Ornithologists  and  others  interested  in  the 
preservation  of  birds  realized  a  number  of  years  ago  that  the  state  laws 
of  the  various  states  were  inadequate  for  the  cH)ntrol  of  migratory  birds. 
A  bird  today  is  in  Louisiana  or  Alabama,  tomorrow  in  Tennessee,  next  week 
in  Kentucky,  then  Indiana,  then  Michigan,  and  the  game  laws  in  the 
different  stiites  are  different.  In  st>me  of  these  states  there  would  be  a 
law  adequate  for  the  protection  of  migratory  birds  as  they  went  north 
or  south,  but  in  the  next  state  into  which  they  went  there  would  he  no  law, 
so  that  migratory  birds  received  very  inadequate  protection  or  no  protec- 
tion at  all. 

The  first  bill  that  was  introduced  into  Congress  that  had  any  bearing 
on  this  question  was  introduced  by  George  Bhiras  III,  of  Pittsburg.  In 
this  bill  he  proposed  that  the  Federal  government  should  take  over  the  con- 
trol of  the  regulations  for  protecting  migratory  birds.  A  little  later  the  idea 
expanded  and  Mr.  Shiras  introduced  a  bill  in  Congress  providing  for  the 
protection  of  migratory  fishes.  His  attention  had  been  called  to  the  fact 
that  in  the  Atlantic  coast  States  there  is  no  law  adequate  to  protect  the 
shad  and  other  migratory  fishes.  The  ditficulty  existed  in  all  of  the 
streams  where  migratory  fishes  came,  but  particularly  in  those  streams 
which  lie  between  two  States  and  which  are  controlled  by  two  or  more 
States.  The  Potomac  River  was  taken  as  an  illustration.  The  laws  of 
Virginia  on  one  side  and  Maryland  on  the  other  were  never  the  same,  and 
at  the  same  time  it  was  legal  to  fish  in  one  State  and  illegal  in  the  other. 
The  inevitable  result  was  a  series  of  evasions  of  the  law  by  the  fishermen 
of  these  States. 

The  Columbia  River  Is  another  Illustration,  perhaps  the  most  serious 
of  all.    There  you  have  Montana,  Idaho,  Washington  and  Oregon,  all  con- 
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(•emed  in  the  Cohiuibin  Kiver.  Idaho  and  Montana  are  not  seriously  in- 
terested in  tlie  8«\linon.  Imt  Wasliinjrtfin  ard  (>rejj:on  are  iioth  vitally  in- 
terested in  tlie  salmon  tisheries  of  that  stream.  lUit  these  two  States 
Imve  never  l>een  able  to  ajn*ee  upon  (*nn<*nrrent  lejrislation  which  adequately 
protects  the  fisheries,  and  things  have  ^me  from  had  to  worse.  Two  years 
ago  an  effort  was  made  by  certain  peojjle  interested  to  restrict  the  taking 
of  salmon  in  the  upper  Columbia  by  cutting  out  the  use  of  certain  l^inds 
<»f  apparatus.  This  matter  was  referred  to  the  people  in  Oregon,  and  at 
the  same  time  those  who  were  intereste<l  in  the  fisheries  in  the  uppr  Co- 
lumbia had  a  simihir  question  sulanittCHl  to  the  people  stopping  fishing 
in  the  lower  river,  and  a  very  curious  result  follow^ed.  The  i>eople  said  it 
would  be  a  g(K>d  thing  to  restrict  fishing  in  both  parts  of  the  river,  so  both 
amendments  carried,  and  the  inevitable  result  followed  that  neither  is 
enforced,  illustrating  very  clearly  the  impossibility  of  two  or  more  States 
agreeing  upon  adequate  measures  in  questions  of  that  kind. 

Then  the  question  came  up  as  to  the  control  of  the  fisheries  in  inter- 
national waters.  The  question  there  has  for  many  years  been  a  seriou.s 
<  ne,  particularly  on  Lake  Erie.  That  lake  has  abutting  on  it  four  States 
on  this  side  of  the  line — Michigan,  Ohio,  Pennsylvania  and  New  York — 
and  the  province  of  Ontario  on  the  other — five  political  units  that  are  all 
interested  in  the  fisheries  of  I^ake  Erie,  and  nt)  t>vo  having  the  same  laws, 
so  that  at  one  time  it  would  be  legal  to  fish  at  a  certain  distance  from  the 
shore  and  with  certain  apparatus  off  tliat  narrow  i>ortion  of  Pennsylvania 
which  fronts  on  Lake  Erie,  and  just  beyond  that  nnrrow  strip  in  Ohio  or 
New  York  it  would  l>e  illegal,  and  there  was  oiistant  difficulty  to  keep 
the  fishermen  of  one  State  within  the  strip  in  which  they  had  a  right  to 
fish ;  and  the  regulations  on  our  side  were  in  every  case  entirely  different 
from  those  on  the  Caimdian  side,  so  that  friction  followed  there.  It  was 
impossible  for  the  Individual  States  to  Imndle  this  question,  and  in  that 
way  the  question  of  federal  control  came  up. 

In  addition  to  these  questions,  and  of  more  recent  development  per- 
haps, has  come  the  question  of  the  desirability  of  federal  control  of  inter- 
state waters  and  otiier  waters  in  the  matter  of  jmbiic  health.  We  have  a 
good  illustration  of  tlie  necessity  for  this  in  the  Potomac  River.  Wash- 
ington City  has  sometimes  suffered  from  an  epidemic  of  typhoid  fever, 
and  investigation  has  shown  agjiin  and  again  that  the  source  of  infection 
was  not  in  the  District  of  C()luml)la,  Init  was  bnmght  from  some  place 
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else;  and  carrying  the  investigation  still  further  it  has  been  proved  on 
more  than  one  occasion  that  Cunjbsrlnnd,  Maryland,  is  responsible  for  at 
least  some  of  the  typhoid  epidemics  at  Washington.  The  waters  of  the 
Potomac  become  infected  at  Cumberland,  many  miles  above  Washington, 
and  the  genns  are  carried  from  there  and  people  infected.  The  District  of 
Columbia,  of  course.  Is  absolutely  iH>weriess  In  the  premises;  it  can  do  noth- 
ing. The  State  of  Maryland  has  done  nothing,  and  the  outlook  is  not  en- 
couraging. I  do  not  believe  Maryland  will  do  anything  to  remedy  the 
difficulty.  It  affects  not  only  the  District  of  Columbia,  but  every  town 
l)etween  Cumberland  and  the  District  of  Columbia,  so  that  In  that  case 
the  matter  of  public  health  Is  concerned  In  Maryland,  the  District  of  Co- 
lumbia and  Virginia. 

A  little  more  than  a  year  ago  the  United  States  and  Great  Britain 
entered  into  a  treaty  i)roviding  for  the  appointment  of  an  International 
Fisheries  Commission,  with  power  to  draw  up  regulations  governing  the 
fisheries  In  International  waters  l)etween  tlie  United  States  and  Canada. 
That  treaty  si)eclfied  the  waters — from  l*a.ssnmaquoddy  Bay  on  the  east 
to  Puget  Sound  on  the  wes^t — taking  in  all  of  the  Great  Lakes  except 
Michigan.  As  I  see  It,  the  principal  point,  tlie  i>rincipal  necessity  for  that 
treaty  was  to  secure  a  set  of  uniform  regulations  for  these  waters.  Un- 
der It,  fishing  on  one  side,  in  Canada,  and  In  Ohio,  Pennsylvania  or  New 
York,  on  the  other,  as  far  as  Lake  Erie  Is  concerned  would  be  the  same. 
There  would  not  l)e  the  conflicts  which  now  exist.  It  does  not  seem  to 
me  that  that  treaty  was  necessary  In  order  that  the  Federal  govennnent 
might  take  control  of  the  fisheries  in  these  waters,  and  for  some  reasons 
it  would  have  Ijeeu  better  If  they  could  have  brought  about  fe<leral  control 
of  fisheries  in  these  waters  without  entering  into  a  treaty  between  the 
tAVo  countries.  There  may  be  s(mie  little  risk  in  giving  a  foreign  nation 
a  hand  in  determining  wliat  shall  be  the  regulations  In  the  waters  of 
Ohio,  of  Michigan,  Pennsylvania  or  New  York,  and  make  It  Impossible 
for  the  United  States  to  change  the  fisheries  regulations  on  our  side  of 
the  line  without  the  consent  of  another  country.  But  that  may  be  laid 
aside  as  a  matter  of  secondary  imiMjrtance. 

One  of  the  first  men  to  lieconie  interested,  to  recognize  the  importance 
<if  the  (|uestlon  of  federal  <'ontrol  in  these  matters  was  (ieorge  Shlras 
III,  a  grandson  of  Chief  Justice  Shiras,  an  angler,  sp<»rtsman  and  all- 
round  naturalist,  who  is  very  nuicli  interested  In  the  preservatlcm  of  game 
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and  migratory  birds.  He  first  become  Interested  In  the  protection  of  mi- 
gratory birds,  then  fishes,  and  then  in  the  larger  question  of  all  animal 
life  In  the  streams  which  cannot  receive  adequate  protection  from  indi- 
vidual States,  and  from  that  he  has  taken  up  the  question  of  pollution  of 
streams,  and  it  has  been  shown  by  him  and  by  others  that  the  Federal 
government  always  had  power  to  control  interstate  and  international 
waters  in  all  matters  of  navigation  and  fisheries  and  public  health,  be- 
cause these  three  questions  are  larger  than  the  interests  of  individual  po- 
litical units.  The  Federal  government  has  exercised  that  power  In  the 
matter  of  navigation,  but  It  has  never  exercised  it  in  matters  of  fisheries 
or  public  health — the  pollution  of  streams.  But  that  it  has  that  power  and 
can  exercise  it  whenever  it  wishes  to  do  so,  and  that  It  is  perfectly  con- 
stitutional, I  have  no  doubt  in  my  mind,  and  I  think  the  time  is  coming 
soon  when  It  will  be  done.  In  this  day  when  the  question  of  public  health 
is  being  agitated  and  considered  so  seriously,  and  when  we  understand 
more  fully  than  we  ever  did  before  the  sources  of  disease  epidemics,  when 
we  realize  more  and  more  that  the  question  is  broader  than  the  bound- 
aries of  a  single  State,  it  is  clear  that  this  question  is  a  question  which 
must  be  handled  by  the  Federal  government  and  cannot  be  handled  by 
the  individual  States. 

In  the  treaty  between  the  United  States  and  Great  Britain,  as  you 
doubtless  know.  President  Jordan  was  appointed  commissioner  represent- 
ing the  United  States,  and  Prof.  Edward  E.  Prince  to  represent  Canada, 
and  these  two  commissioners  have  gone  over  the  boundary  line  from 
St  Johns  to  Vancouver,  and  at  the  end  of  last  May  they  submitted  their 
report  to  the  respective  governments,  a  report  embracing  a  set  of  rec- 
ommendations— some  sixty-six  in  number — which  they  hope  will  control 
In  a  satisfactory  way  the  fishing  in  International  waters.  That  report  will 
be  made  public,  doubtless,  stwn  after  Congress  meets.  It  will  go  to  Con- 
gress and  to  I^arllament,  where  the  necessary  provisions  for  enforcing 
these  regulations  will  be  provided.  As  It  now  stands.  Canada  already  has 
the  machinery  which  is  needed  to  enforce  the  regulations  on  her  side 
of  tlie  line.  She  has  a  very  ettlcient  system  of  patrol,  facilities  and  men 
and  means  to  enforce  her  fisheries  regulations  far  better  than  they  are 
enforced  on  this  side  of  the  line,  i)artlcularly  In  Puget  Sound.  There  is 
no  such  machinery  on  this  side  of  the  line  for  enforcing  any  set  of  fish- 
eries regulations,  because  the  matter  has  been  and  is  now  in  the  hands 
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of  the  resi)ective  States.  Each  State  has  its  own  machinery;  but  under 
the  terms  of  the  treaty  it  would  seem  that  the  Federal  government  is 
morally  bound  to  provide  the  necessary  machinery  for  doing  as  well  on  this 
side  of  the  line  as  Canada  is  doing  on  the  other. 

Now,  if  it  turns  out,  as  we  believe  it  will,  that  this  is  the  beginning 
of  federal  control  in  all  of  these  large  and  important  streams,  then  will 
come  federal  control  not  only  of  international  waters,  but  interestate 
streams,  and  in  all  matters  of  pollution  of  any  and  all  streams. 

Mr.  Shiras  cites  a  number  of  cases:  The  State  of  Missouri  vs.  Chi- 
cago Drainage  Canal,  in  which  the  decision  of  the  court  showed  that  the 
question  is  one  larger  than  the  State  of  Illinois  and  the  State  of  Mis- 
souri, and  that  the  Federal  government  must  take  it  up.  A  similar  case, 
Kansas  City  vs.  The  State  of  Colorado,  the  decision  of  the  court  pointed 
to  the  same  view.  And  there  is  every  reason  to  believe  that  the  Supreme 
Court  will  uphold  these  decisions. 

Bureau  of  Fisheries, 
Washington,  D.  C. 
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The  Speed  of  Migrating  Salmon  in  the  Columbia  River. 


Uy   ( 'HAS.   W.  (iUKKNK. 


(Abstract.)' 

In  the  solotiou  of  this  |)roblein  I  devised  a  scheme  whereby  individual 
fishes  eould  be  jriven  individual  tags  that  would  render  Identification  al)- 
solutely  certain  if  the  fish  should  he  recaptured.  This  plan  was  nothing 
more  or  less  than  the  use  of  the  conventional  stociv-marklng  aluminum 
buttons.  These  buttons  are  light  and  cannot  be  torn  apart  and  they  can*y 
serial  numbers  on  one  face;  on  the  other  can  l)e  placed  such  special 
marks  as  one  may  select. 

On  August  14,  1908,  I  niarke<l  fifty-nine  fish  at  Sand  Island,  just  with- 
in the  mouth  of  the  Columbia  River.  These  fish  were  liberated  in  the 
river  in  the  hope  that  some  would  l)e  retaken,  and  thus  we  might  glean 
the  story  of  their  migration.  Tlie  fish  were  marked  by  Inserting  num- 
bered buttons  through  the  caudal  fin. 

Seventeen  of  the  fifty-nine  fish  Migrated  were  retaken  and  reported 
to  me;  sixteen  buttons  were  also  returned  to  me.  The  fish  were  retaken 
along  the  river  from  a  point  four  miles  below  where  they  were  liberated 
up  to  the  Dalles  of  the  Columbia,  just  below  Celilo  Falls,  a  total  dis- 
tance of  two  hundred  and  fourteen  miles.  Near  the  upper  limit  quite  a 
number  of  fish  were  taken  and  six  of  these  had  traveled  a  distance  which, 
when  rated,  gives  an  average  individual  speed  of  from  six  and  one-third 
to  seven  and  one-half  miles  a  day. 

The  following  table  is  constructed  to  show  the  actual  time  from  lib- 
eration to  recapture,  the  distance  covered,  the  probable  time  consumed 
In  the  straight-away  run  on  a  basis  of  the  si>eed  of  number  76  (seven  and 
one-half  miles),  and  the  days  unaccounted  for.  My  view  is  that  these  un- 
accounted dajrs  are  chiefly  si)ent  in  the  lower  estuary  of  the  river  in  be- 
coming acclimated  to  the  fresh  water. 


*  This  Invest i nation  was  undertakon  in  cooperation  witli  the  United  States 
Bnreau  of  Fisheries.  This  abstract  is  published  by  the  consent  of  and  with  th<' 
approval  of  the  V.  S.  Commissioner  of  Fish  and  Fisheries. 
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Bpbcibs  and  Numbbb. 


SUver 76 

SUvcr 75 

Silver 80 

Silver 79 

Silver 97 

Steelhead 124 

Chinook  80 

Steelheftd 98 

Steelhead 125 

Chinook 123 

Silver 87 

Chinook 113 


DiBtance 
Traveled 
in  Miles. 


210 

210 

210 

210 

210 

210 

15 

210 

70 

15 

70 

4 


Days 
Out. 


28 
29 
30 
33 
33 
83 
11 
52 
35 
31 
57 
6 


DaysRequired 

to  Cover  the 

Distance  at  a 

Speed  of  7} 

MUesa  Day. 


28 

28 

28 

28 

28 

28 

2 

28 

9 

2 

9 

0 


Days  Unac- 
counted fOTt 
L  e.,  Avubble 
Acclimatiza- 
tion. 


0 

1 

2 

5 

5 

5 

9 

24 

26 

29 

48 

6 


University  of  Missouri, 
Columbia,  Mo. 
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Thought  Stimulation  :    Under  What  Conditions  Does  It 

Occur  f 


By  Robebt  Hessleb. 


This  Is  a  subject  of  interest  to  nearly  every  one,  but  more  e^)ecially 
to  educated  persons,  as  I  found  in  discussing  it  witli  several  hundred  in- 
dividuals. In  a  general  way  one  may  divide  human  beings  into  two 
classes:  the  educated  and  the  uneducated.  The  uneducated  usually  pay 
but  little  attention  to  what  is  going  on  in  the  mind,  what  sort  of  thoughts 
they  have,  while  on  the  other  hand  those  who  write  or  otherwise  utilize 
their  thoughts  may  pay  much  attention  to  the  subject.  Indeed,  the  latter 
may  at  times  be  worried  because  they  can  not  think  and  cannot  write,  or 
because  they  "run  out  of"  thoughts  and  vainly  "rack  their  brains"  for  new 
ones.  In  the  very  beginning  we  must  distinguish  clearly  between  getting 
new  thoughts  or  new  ideas  and  the  ability  to  write  them  out  In  other 
words,  to  get  the  germ  or  plot  of  a  story  and  then  to  write  out  the  story 
to  best  advantage  are  two  widely  different  things. 

The  difference  between  these  two  classes  of  individuals  is  shown 
very  strongly  in  the  matter  of  dreams.  The  ignorant  pay  considerable 
attention  to  their  dreams,  but  only  from  the  standpoint  of  "What  does  it 
mean?"  They  look  upon  a  dream  as  an  omen,  while  a  writer  may  utilize 
a  dream  as  a  plot  for  a  story,  the  dream  being  of  actual  value  to  him. 
Poets  constantly  tell  about  their  dreams  and  of  having  dreamed.  Again, 
we  see  this  difference  in  attitude  in  the  matter  of  the  subconscious  or 
automatic  action  of  the  mind,  especially  at  night.  There  may  be  a  great 
rush  of  thoughts.  Many  worry  simply  because  they  are  unable  to  sleep 
(in  account  of  the  "curious  thoughts,"  while  a  writer  may  jot  down  a 
number  of  them  and  utilize  them  in  his  work. 

The  subject  of  thought  stimulation  may  be  studied  from  different 
standpoints,  depending  on  the  individuars  occupation  and  training  and 
the  object  of  his  investigation.  Thus,  the  psychologist  may  approach  it 
from  a  standpoint  entirely  different  from  tliat  of  the  neurologist  or  of  tlie 
alienist,  while  the  viewpoint  of  a  story  writer  may  differ  from  all  others. 
My  standpoint  may  quite  naturally  be  said  to  he  mainly  that  of  a  physi- 
cian interested  in  a  study  of  chronic  ill  health  as  distinguished  from  ac- 
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tual  dibvase.  Many  of  the  symptoms  occurring  in  chronic  ill  health  relate 
to  disturbances  in  mental  functioning,  and  hence  must  be  given  consid- 
erable attention. 

If  a  physician  desires  to  study  normal  individuals,  that  is,  those  who 
are  neither  sick  nor  diseased,  he  must  go  after  his  material.  And  here 
I  might  say  tliat  some,  knowing  my  profession,  have  accuse<l  me  of  "talk- 
ing shop."  It  is  of  course  only  those  in  search  of  a  physician's  services 
who  come  to  him — and  this  pai)er  may  therefore  l)e  regarded  as  that  of 
a  seeker  after  knowledge,  that  is,  a  plea  for  more  data  from  these  in 
Ilea  1th.  I  hope  that  when  it  appears  in  the  published  proceedings  some 
at  least  will  take  sufficient  interest  in  the  matter  to  give  me  their  experi- 
ences and  observations. 

In  regard  to  what  I  say  here,  it  should  be  understood  that  this  is 
simply  a  short  abstract  of  a  longer  abstract.  If  I  were  to  bring  together 
all  my  data,  and  esi>ecially  my  case  reports,  they  would  make  a  large 
volume. 

(Classification  of  Data.  For  the  puriK)se  of  classification  as  well  as 
for  convenience  of  study,  I  liave  divided  my  notes  under  several  general 
subheads,  as  follows : 

3.  Simple  ol)servations  on  thought  or  mental  stimulation  before  my 
days  of  medical  scli(H)ling.  such  as  any  one  not  paying  special  attention 
to  the  subject  might  make. 

2.  Early  days  of  medical  practice.  These  notes  are  also  rather  simple, 
for  it  should  be  understood  that  in  times  past  a  medical  student's  atten- 
tion was  not  calle<l  to  the  sul>ject  of  mental  intluences. 

3.  Notes  gathered  while  working  among  the  insane. 

4.  Travel  notes  while  in  Europe,  among  them  many  relating  to  the 
environment  of  noted  men  and  women,  i)articularly  of  writers. 

5.  Notes,  covering  the  last  ten  yeai-s,  base<l  on  a  systematic  study 
of  people  in  ill  health,  as  distinguished  from  those  afflicted  with  well- 
defined  diseases.    Tlie  bulk  of  my  notes  relate  to  this  class  of  individuals. 

0.  Notes  obtained  from  individuals  who  may  l>e  regarded  as  healthy, 
that  is,  not  (•oni])laining  of  symptoms  of  ill  health. 

7.  Ueferences  to  llu'  literature,  a  (*omi)aiatively  small  amount  of 
(lata,  chietly  incidental  relVrenccs  found  in  biograi)liies.  This  phase  of  the 
subject  has  l>ecn  neglected,  as  it  re^piires  access  to  extensive  libraries. 


129 

Uefereuces  to  childhood  are  here  omitted ;  my  work  concerus  adults 
only.  But  we  need  only  think  of  nightmare  to  realize  how  profoundly 
the  mind  of  the  child  is  influenced  at  times.  I  shall  go  over  these  sub- 
beads  ery  briefly,  following  the  above  classification. 

People.  Some  people,  or  minds,  with  whom  we  come  in  contact  stim- 
ulate us.  Just  as  there  are  those  who  depress  us  and  many  who  do  not 
affect  us  at  all. 

Books.  These  may  also  be  classified  according  as  they  do  or  da  not 
set  us  to  thinking;    some  books  act  as  decided  mental  stimuli. 

Dri^iams.  Dreams  may  be  a  source  of  mental  stimulation  to  the  in- 
tellectual, who  may  get  some  new  ideas  and  utilize  them.  Tlie  ignorant 
dwell  chiefly  on  the  significance  of  drejims  as  gcxHi  or  bad  omens.  One 
can  hardly  realize  wliat  an  imiiortant  factor  dreams  are  in  the  life  of 
wmie  iieople.    This  topic  will  l>e  considere<l  a  little  more  fully  later  on. 

Food  and  Dbink.  These  have  more  or  less  influence  on  our  well 
Itelng  and  our  thinking.  One  m^d  only  think  of  what  often  occurs  after 
eating  a  late  lobster  salad  or  a  welsh  rarebit,  when  the  thoughts  are 
usually  anything  but  agreeable.  There  is  an  old  saying,  "Who  drinks  beer, 
thinks  beer";    and  another,  "One  is  what  one  eats.'* 

Alcohol  Some  know  from  personal  experience  whether  alcohol 
excites  or  depresses  the  mind;  certainly  all  have  noticed  the  efl'ects  in 
(others,  how  some  individuals  become  greatly  excited,  with  an  active  flow 
of  words. 

Tobacco  should  also  be  mentioned.  Just  how  much  truth  there  is  in 
the  claim  of  some  men  that  they  can  think  best  while  smoking  or  chew- 
ing is  a  question. 

Angeb,  Jealousy,  Resentment,  or  Grtkf,  etc.,  may  act  as  powerful 
stimuli. 

Fbight  and  Dangeb  should  also  be  mentioned ;  there  may  be  a  great 
rush  of  thoughts  at  what  seems  to  be  a  critical  moment. 


Fkvkr  Fantasy.  Those  subject  to  colds  and  feverish  conditions  may 
have  noti<*ed  in  themselves  tlie  al>normal  stimulation  of  tliought  at  such 
times.  The  i>hysician  cannot  av<.id  noticing  it,  esi>ecially  in  those  delirious 
on  account  of  fever. 
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Drug  Stimulation.  The  most  common  is  that  of  opium  or  its  alka- 
loids, cocaine  coming  perhaps  next.  Hasheesh  effects  I  liave  not  ol)served. 
Not  all  persons  are  stimulated  after  the  fashion  of  DeQuincey.  Some 
brains  are  stimulated  but  little  or  not  at  all.  The  same  is  true  of  alcohol. 
The  effect  depends,  moreover,  largely  on  the  dosage,  varying  from  a  more 
or  less  transient  stimulation  to  complete  stupor.  It  should  be  kept  in 
mind  that  to  a  larg<i  extent  an^jdyues  that  depress,  such  as  acetanllid,  are 
now  used  in  place  of  opium. 

Coffee.  This  is  an  active  stimulant  to  some ;  many  know  that  it  will 
keep  them  awake  at  night,  as  night  nurses.  Some  persons  say  coffee 
makes  them  dream.  Literary  workers  may  be  actively  stimulated  by  it, 
their  thoughts  flowing  freely  after  its  use. 


Mania.  An  individual  delirious  in  acute  mania  is  a  sight  never  to 
be  forgotten.  The  delirium  may  continue  for  days,  even  for  weeks,  until 
the  body  is  physically  exhausted.  C!ompared  with  this,  the  amount  of 
mental  work  an  ordinary  brain  worker  does  seems  insignificant,  and  the 
idea  of  nervous  prostration  from  mental  overwork  is  made  to  appear 
ridiculous. 

Recurrent  Mania.  This  recurs  at  intervals,  depending  on  the  indi- 
vidual, after  days,  weeks,  months,  or  even  years. 

Alternation  of  Mania  and  Melancholia.  In  this  there  are  periods 
when  the  mind  is  very  active,  followed  by  periods  of  the  opposite  extreme. 
One  of  my  insane  patients  during  a  period  of  exaltation  had  Cacoethes 
scribendi,  the  mania  to  write,  and  wrote  me  his  autobiography;  it  would 
form  a  fair-sized  book  if  put  into  print.  He  wrote  continuously, 
did  not  even  want  to  take  time  for  meals  or  to  sleep  at  night. 

Chronic  Mania.  In  this  condition  many  individuals  see  visions  and 
hold  Imaginary  conversations;    at  times  the  brain  is  very  active. 

Dementia.  At  times  when  there  is  some  disease  producing  fever 
there  may  be  a  transient  lighting  up  of  the  mental  faculties  in  dements, 
subsiding  again  with  tlie  subsidence  of  the  fever.  A  study  <»f  such  cases 
often  shells  light  on  tlie  mental  ]>ro(esses  in  the  normal,  or  sane. 

Epilepsy.  Epileptics  about  the  time  of  an  oncoming  seizure  may  have 
active  mental  stimulation;    the  fact  that  some  see  visions  Is  well  known. 
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As  a  rule  those  confined  In  the  hospitals  for  insane  are  quite  demented, 
though  there  may  be  a  transient  mental  improvement  during  or  following 
Bome  acute  disease. 

One  of  my  unique  exi)eriences  was  the  observation  of  the  great  mental 
improvement  following  the  Injection  of  erysipelas  antitoxin*  in  an  epileptic 
who  was  greatly  demented;  this  mental  stimulation,  however,  was  only 
transient,  subsiding  on  withholding  the  remedy,  which  proved  too  costly 
for  continued  use;    in  time  there  was  a  complete  relapse. 

Katatonia.  Under  this  head  I  could  write  some  lengthy  accounts  re- 
lating to  mental  stimulation  from  the  use  of  desiccated  thyroids.*  Indi- 
viduals who  had  been  practically  dead,  both  physically  and  mentally,  had 
a  veritable  return  to  life  under  the  use  of  thyroids. 

Thyboid  Medication  ob  Stimulation.  The  above  experiments  were 
continued  with  different  classes  of  patients  to  find  out  the  limitations  or 
usefulness  of  the  new  drug.  This  was  quickly  found.3  In  a  chronic 
maniac  it  brought  on  acute  maniacal  disturbance  and  had  to  be  discon- 
tinued. On  the  other  liand,  in  individuals  who  were  very  dull  and  stupid 
on  account  of  myxedema*  all  that  was  required  to  restore  normal  activity 
was  the  use  of  this  remedy. 

Redbeaming  Dbeams.  a  personal  experience  while  still  living  among 
the  insane  first  directed  my  attention  to  dreams  and  the  part  they  play 
in  daily  life.  My  experience  in  dreaming  a  dream  over  and  over  again 
daring  an  attack  of  sore  throat  seemed  so  odd  to  me  that  I  looked  up  the 
subject  in  the  literature,  and  since  then  have  questioned  hundreds.  I 
found  nothing  in  the  literature,  and  until  recently  did  not  meet  any  indi- 
viduals who  had  had  a  similar  experience — for  this  reason  I  gave  a  brief 
account  in  the  Psychological  Review  for  November,  1901.  It  may  be 
added  that  while  I  dream  much,  but  few  dreams,  comparatively,  stand 
out  vividly  and  are  remembered  next  morning.  An  interesting  study 
would  be  to  seek  the  causation  of  dreams,  why  at  times  one  dreams  much 
and  then  again  very  little;  likewise  why  certain  periods  of  one's  life 
rather  than  others  are  picked  out,  so  to  speak,  by  dreams. 

Disease  Influence  on  Mental  Stimulation  and  Dbeams.  Here  be- 
longs a  number  of  notes  on  cases  in  which  the  stimulating  influence  was 

>  Epilepsy  and  Erysipelas.     Journal  Amer.  Med.  Assn.,  May  14,  1S98. 
'Thyroid  Medication.     Indiana  Medical  Journal,  J  one,  1896. 
'Notes  on  Thyroid  Medication.     Ind.  Med.  Journal,  Feb.,  1898. 
*  Myxedema.     Indiana  Medical  Journal,  June,  1904. 


132 

uoticed,  as  for  instance  in  tonsillitis,  when  the  mind  becomes  very  active, 
with  a  great  rusli  of  thoughts,  but  without  ability  to  hold  them.  .Vfter  an 
attack  of  acute  illness  there  may  he  a  "clear  brain'*  with  active  thinking. 
This  can  be  explained  by  assuming  that  the  brain  was  rested  while  the 
body  was  sick,  or  that  It  was  stimulated  liy  the  disease  or  sickness,  or  by 
returning  health,  and  now  has  a  new  set  of  thoughts. 

Tul)erculosis  acts  In  many  as  a  stimulant,  producing  especially  cheer- 
fulness and  hopefulness,  just  the  opposite  from  the  next. 

Acute  Dyspeptic  Attacks,  as  after  the  proverbial  lobster  salad.  Hvrc 
almost  invarial»ly  the  thoughts  and  the  dreams  are  dlssigreeable,  oppressive. 
Often  it  is  less  a  question  of  the  kind  of  f(Hxl  than  of  conditions  under 
which  the  foml  is  eaten.  In  the  case  of  the  lobster  salad,  the  most  favor- 
able condition  under  which  it  is  likely  to  produce  disagreeable  thoughts  or 
dreaming  Is,  in  the  opinion  of  scmie,  a  nudnlght  lunch  after  attending  a 
theater. 

Chronic  Dyspepsia.  This  to  most  of  us  brings  up  thoughts  of  pes- 
simism, the  effects  thus  standing  opposite  to  those  of  tuberculosis.  As  a 
supposed  classical  example,  Carlyle  might  be  mentioned. 

Atmosphere,  the  Air  of  Places.  Literary  people  si)eak  of  the  influ- 
ence of  atmosphere,  but  this  may  not  at  all  refer  to  air  conditions.  On 
the  other  hand,  physicians  since  the  days  of  Hipi>ocrates  si)eak  of  the  air 
of  places.  From  a  study  of  the  subject  one  might  almost  come  to  the  con- 
clusion that  the  locality,  the  environment,  has  as  much  influence  on 
thought  stimulation  as  on  the  .pi-oductlon  of  111  health  and  disease. 

War  Times.  In  my  chronological  account  are  some  data  relating  to 
a  friend  whose  regiment  was  called  Into  camp  on  the  breaking  out  of  the 
Spanish-American  War.  The  event  was  a  great  thought  stimulant  to  him, 
especially  when  lying  awake  at  night. 


Travel  Next  in  order  comes  a  mass  of  data  based  on  a  year's  travel 
in  Europe.  The  value  of  travel  as  a  stimulant  to  the  mind  is  recognlze<l  by 
everybody.    The  following  is  taken  from  my  notes  relating  to  this  |>eri(Hl : 

"One  day,  at  IIeidell)erg,  I  droppetl  into  an  inn  for  a  bite  to  eat  I 
was  going  to  sit  down  before  a  long  empty  table,  when  I .  was  informe<l 
that  It  was  a  Stammtisch;  that  meant  I  had  to  take  a  seat  elsewhere. 
While  eating  my  modest  meal,  there  was  a  rush  of  thoughts  concerning 
the  influence  of  the  Stnnnntisch  on  the  lite  of  German  thinkers,  especially 
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c<>Ilege  professors,  who  frequently  meet  about  such  a  table  to  exchange 
ideas,  or  get  new  ones,  or  both.  Then  my  thoughts  went  to  England,  to 
its  old  ('offee  houses  and  the  influence  on  the  English  writers  who  met 
there.  That  in  turn  brought  to  the  mind  the  relative  merits  of  beer  and 
wine  and  coffee  as  aids  to  thought  stimulation,  and  this  again  brought 
up  the  thcmght  of  the  influence  of  tobacco  smoke,  whether  this  at  bottom 
had  anything  to  do  with  the  matter,  and  that  again  brought  me  back  to 
America,  to  our  newspni)er  ottic»es.  where  reporters  often  work  in  dingy 
offices  densely  filled  with  tobacco  smoke  and  where  many  of  the  so-called 
•pipe  dreams'  are  concocted." 


Health,  III  Health,  Chronic  111  Health,  Disease.  During  the  last 
ten  yea  1*8  I  have  been  occupied  more  especially  with  adults  in  chronic  ill 
health,  as  distinguished  from  real  disease,  and  very  naturally  I  have  fol- 
lowed the  subject  of  thought  stimulation  among  this  class.  There  is  one 
very  practical  aspect,  one,  however,  that  is  largely  neglected  by  the  av- 
erage practitioner  of  medicine;  that  is,  long  sleepless  nights  during  which 
the  mind  of  a  patient  may  l>e  thinking  all  sorts  of  thoughts,  usually  dis- 
agreeable; if  there  Is  sleej)  there  may  be  much  disagreeable  dreaming. 
The  physician  who  is  able  to  give  patients  of  this  kind  restful  nights  Is 
usually  accomplishing  something  that  his  predecessors  faileil  to  do. 

Individuals  in  chronic  ill  health  often  have  very  active  minds  and 
react  acutely  to  certain  dnigs,  such  as  opium,  alcohol,  caffeine;  similarly 
to  the  salicylates,  which  are  largely  used  in  counteracting  infection  and 
inflammation.  Many  react  acutely  to  the  influence  of  travel.  Thus  while 
travel  at  home  may  disagree,  travel  in  a  foreign  country  may  l>e  bene- 
ficial. One  can,  of  course,  readily  understand  how  in  the  case  of  literary 
I»ersons  one  c*ountry  may  be  preferred  to  another.  But  even  common  i)ei)- 
ple  who  do  not  lead  much  of  a  mental  life  may  noti(»e  the  influence  of 
travel,  as  when  a  farmer  living  in  isolation  complains  of  active  dreaming 
or  of  restlessness  at  night  after  n  trip  to  town.  Among  my  case  reports 
are  at  least  four  in  which  there  was  active  stimulation  of  the  mind  while 
traveling  on  railways — in  one  case  the  thoughts  or  ideas  were  used  in 
literary  work.  It  may  also  he  said  that  individuals  with  lively  minds, 
literary  i)eople  generally,  react  acutely  to  their  surroundings,  or  to  influ- 
em*ej4  that  scarcely  pnMlnce  an  effe<*t  on  the  average  man. 

During  the  past  few  years  I  have  been  trying  in  my  practice  to  dis- 
ringiiish  l>etween  Imlividunis  who  lead  an  active  **Seelenlel)en"  and  those 
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who  do  not     In  a  general  way  I  can  divide  my  cases   (whether  active 
minded  or  not)  Into  four  groups  according  to  their  ill  health. 

(a)  Catarrh  Victims,  especially  those  subject  to  common  colds  and 
sore  throat  accompanied  by  disturbance  in  temperature,  febrile  condition, 
with  more  or  less  "fever  fantasy,"  wlien  all  sorts  of  thoughts  rush  through 
the  mind.  If  the  individual  is  a  writer  and  not  too  ill  he  may  Jot  down 
some  of  these  thoughts  and  utilize  them.  In  some  a  recumbent  position 
is  an  additional  stimulating  factor,  and,  indeed,  people  in  health  can 
often  think  best  when  reclining.  One  of  my  friends  explained  it  by  saying : 
"The  pressure  is  equalized  when  lying  down,  there  is  less  blood  In  the 
feet  and  more  in  the  brain.'* 

Catarrh  victims  may  or  may  not  be  cheerfully  excited — ^those  in- 
fected with  tuberculosis  may  be  very  cheerful  and  hopeful,  the  opposite 
of  the  next 

(b)  Dyspeptics  as  we  all  know  are  usually  pessimistic.  One  of  my 
friends  has  said:  "Beware  of  the  literary  critic  who  has  dyspepsia  or 
an  acute  dyspeptic  attack,  for  he  will  see  nothing  to  praise  in  your  work 
or  effort;  all  is  gloom  to  him  and  mankind  is  going  to  the  bow-wows.*' 
The  depressed  mental  state  may  not  last  long  in  an  acute  attack.  Just  as  in 
the  case  of  the  boy  who  has  colic  from  eating  green  apples,  v/ho  thinks 
he  Is  going  to  die,  although  he  will  be  as  well  as  usual  the  next  day. 

(c)  So-called  neurasthenics,  known  also  as  neurotics,  and  "the  nerv- 
ous." As  a  rule  this  class  reacts  acutely  to  environmental  influences,  and 
at  night  there  may  be  Insomnia  with  the  mind  actively  at  work.  As  to 
actual  work.  Individuals  vary  greatly.  Many  have  large  thoughts  but 
produce  little;  some  are  simply  regarded  as  dreamers.  What  Is  com- 
monly regarded  as  brain  tire  may  really  be  motor  tire;  the  brain  is 
active  enough,  but  there  is  no  desire  or  little  inclination  for  physical  ex- 
ertion necessary  to  write  out  the  thoughts — a  mental  overstimulation  with 
a  motor  paralysis,  so  to  speak. 

I  have  notes  on  one  case,  a  man  who  would  ordinarily  be  regarded  as 
a  neurasthenic,  who  dreams  much  and  gets  new  ideas  in  his  dreams.  Jot- 
ting them  down  in  the  dark  at  night,  in  bed.  But  frequently  he  finds  in 
the  morning  that  he  has  no  notes,  for,  after  a  dream  that  he  wants  to 
record,  he  dreams  further  that  he  is  recording  It  or  has  made  an  entry 
on  his  scratch  tablet,  and  then  sleeps  on ;  all  has  been  a  dream.  Sometimes 
on  awakening  he  retains  an  Indistinct  idea  of  the  dream  which  he  wanted 
to  record. 
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I'he  influence  of  environment  may  be  very  marlied  in  this  group,  as 
already  mentioned.  Some  men  can  do  tlieir  best  work  in  the  city,  others 
in  the  country.  T  have  a  curious  account  of  a  writer  who  habitualiy  ran 
out  of  ideas  and  then  went  to  the  nearby  large  city  to  spend  a  day,  or 
rather  night,  for  he  would  lie  awake  in  the  dark,  in  his  room  at  some  large 
hotel,  filling  scratch  tablets  with  all  sorts  of  thoughts  or  ideas  that  came 
to  him.  It  would  be  interesting  to  know  whether  there  was  any  marked 
change  in  blood  pressure,  whether  he  may  not  have  belonged  to  the  next 
gronp. 

I  shall  refrain  from  citing  more  such  cases,  for  to  make  reports  val- 
uable they  should  give  a  lot  of  details,  or  we  may  be  wholly  unable  to 
draw  conclusions  regarding  possible  causes.  In  a  general  way  it  may  be 
said  that  the  more  details  in  a  case  report  the  better. 

(d)  A  group  of  cases  that  may  be  called  cardio-vascular,  in  which 
there  are  disturbances  in  the  blood  pressure.  At  times  of  a  high  blood 
pressure  there  may  be  great  mental  activity.  Brief  mention  may  be 
made  of  a  few  cases. 

Mbs.  a.  Middle-aged  woman  with  a  persistently  high  blood  pressure, 
rarely  under  200  mm,  and  often  much  above  that,  even  to  250  mm.  Com* 
plains  of  the  mind  being  very  active,  all  sorts  of  "komische  Gedanken" 
passing  through  the  brain;  but  at  times  of  unusually  high  pressure  the 
thoughts  are  anything  but  comical,  the  "Gedankenfiucht"  being  the  oppo- 
site; she  at  times  fears  enacting  a  tragedy.  When  I  add  that  my  own 
pressure  runs  from  100  to  110  mm,  the  significance  of  a  pressure  of  250 
mm  will  be  better  understood. 

Mbs.  B.  Elderly  woman,  gloomy  and  worrying  thoughts  both  on  ac- 
count of  ill  health  and  possible  financial  difliculties.  To  distract  her 
mind,  to  change  the  trend  of  her  thoughts,  her  relatives  nightly  took  her 
to  a  crowded  revival  meeting,  but  it  was  quickly  found  that  conditions 
grew  worse,  and  that  the  rush  of  thoughts  seemed  to  prevent  sleep  alto- 
gether. She  came  to  me  and  I  found  a  high  blood  pressure.  Simple 
medication  and  remaining  away  from  the  meetings  caused  the  high  pres- 
sure to  disjipi)ear  within  a  week,  and  the  mental  disturbance  to  subside. 
followeil  by  a  philos*>phical  state  of  mind  with  cessation  of  worry. 

Neither  of  these  two  individuals  Is  intellectual;  they  do  not  utilize 
their  thoughts. 

Mbs.  C.  Middle-aged  intellectual  woman.  Great  rush  of  ideas  at 
times  of  occasional  high  blood  pressure,  especially  at  night,  often  prac- 
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tieally  sleejiless  on  this  aeoouiit.  In  the  day  time  felt  too  fatijnied.  tireil 
out,  to  be  Inclined  to  exert  herself  physically,  but  the  mind  would  i»er- 
haps  be  very  active.  Often  had  "bright  thoughts"  at  night  and  wanted  to 
get  up  and  jot  them  down,  for  she  was  unable  to  recall  them  the  next 
morning,  but  her  physician  had  told  her  not  to  do  this,  as  it  would  ag- 
gravate her  insomnia.  When  she  came  to  me,  I  promptly  advised  her  to 
jot  down  her  thoughts,  that  with  a  little  practice  she  could  do  this  in  the 
dark ;  at  the  same  time  I  instituted  measures  to  reduce  the  blood  pressure 
— and  when  the  pressure  went  down  the  automatic  action  of  the  brain 
ceased  and  sound  sleep  returned.  How  to  bring  down  a  high  blood  pres- 
sure is  a  medical  question  that  need  not  he  discussed  here. 

Mr.  D.  Middle  aged  man  in  whom  a  tendency  to  increased  bloiMl 
I)ressure  gradually  developed,  along  with  much  dreaming  at  night  and 
subconscious  mental  activity,  the  thoughts  coming  at  such  times  l^eiu'i 
utilized  in  his  work.  Problems  and  matters  awaiting  solutitm  would  be 
taken  up  and  worked  out  at  such  times.  This  sulK'onscious  activity  was 
always  orderly,  entirely  different  from  that  of  dreams,  for  in  the  latter 
there  were  all  sorts  of  inc<mgrulties  and  anachronisms.  A  change  in 
environment  caused  the  high  pressure  to  subside  and  with  it  the  subcon- 
scious mental  activity,  but  the  dreaming  continued  as  formerly.  Now  and 
then  there  is  a  period,  or  it  may  be  but  a  single  night,  of  automatic  ac- 
tivity, and  the  question  Is  to  find  out  the  why  and  the  wherefore  of  this 
activity. 

Mb.  E.  The  most  literary  man  in  a  small  community;  past  middle  age; 
mind  always  at  work.  Came  to  me  complaining  of  sjonptoms  of  ill  health.  I 
suspected  cardio-vascular  disturbance  and  on  examination  found  a  high 
blood  pressure.  I  at  once  proposed  a  systematic  examination,  with  health 
supervision.  But  to  be  literary  does  not  necessarily  imply  the  possession 
of  good  common  sense,  and  instead  of  following  my  advice,  given  him  at 
length,  he  adopted  an  easier  and  simpler  course ;  he  changed  doctors.  He 
went  to  a  man  who  merely  gave  him  a  little  medicine.  A  short  time  ago 
he  died  suddenly  of  cerebral  hemorrhage.* 

Ordinary  people  when  they  have  a  rush  of  thoughts  at  night  may 
simply  worry  because  they  are  not  able  to  sleep,  whereas  the  brain  worker 
who  utilizes  his  thoughts  may  welcome  at  least  an  o<*casional  such  rush 


•  Thoro  \h  a  imsslhlllty  lliuJ  In  Uils  case  arlorio-sclerosls  had  .sot  In,  but  I  am 
Inclnod  to  Im'IIcv<'  IIh'iv  was  none'  al  Iho  lime  he  camo  to  rao.  It  should  bo  kept  in 
mind  that  in  this  paper  I  am  oxeluding  children  and  the  aged,  as  well  as  those 
afflicted  with  well  defined  diseases  or  pathologic  processes. 
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of  thoughts,  l»eeau.se  It  may  furnish  hiui  material,  data,  plots.  Ho  may 
oven  seek  to  hring  al»out  this  condition,  or  what  is  commonly  called  "iu- 
8|)iratlon."  In  this  conueetion  I  mijrht  mention  one  case  whiMi  may  shed 
some  light.  A  middle-aged  literary  woman  had  been  complaining  of  dls- 
turbetl  heart  action,  marked  especially  by  arrythmla.  In  order  to  correct 
the  difficulty,  her  physician  prescribed  digitalis  in  larger  doses  than  is 
usual.  In  a  short  time  her  mind  became  very  active,  with  sleeplessness  at 
uight  and  with  a  great  rush  of  thoughts.  She  then  came  to  me  and  I 
promptly  had  her  discontinue  the  digitalis,  when  the  mental  excitement 
subnided.  The  supiwsed  heart  disturbance  itself  was  treateil  by  methods 
other  than  drug  treatment. 

To  what  extent  high  blcwxl  la-essure  is  a  factor  in  thought  stimulation 
in  normal  individuals  I  am  unable  to  say.  To  study  that  will  re(iuire 
"material."  If.  as  earlier  stated,  the  physician  wants  to  study  those  in 
health  he  must  go  to  them,  and  seek  out  those  whom  he  thinks  suitable 
for  his  work.  Moreover,  a  physician  never  has  that  complete  control  over 
his  "material"  as  the  biologist.  He  can  take  up  or  leave  off  work  at  any 
moment;  the  physician  must  get  the  consent  of  his  patients.  Even  the 
hospital  i)hy8lcian  has  a  great  advantage  In  this  resi)ect. 

It  would  seem  a  natural  and  simple  inference  that  the  increased  cir- 
culation in  the  brain  stimulates  tlie  cells,  and  thereby  stimulates  thought — 
and  then  at  once  the  question  arises,  What  brings  on  increased  blood 
pressure? 

Borderland  Cases.  Just  where  the  normal  shades  off  into  the  ab- 
normal or  where  "perfect  health"  changes  into  "ill  health"  is  often  diffi- 
cult to  determine.  There  is  no  norm,  there  are  no  standards ;  what  agrees 
with  one  may  disagree  with  another.  I  will  mention  a  few  more  factors 
which  in  some  individuals  play  a  role  in  thought  stimulation. 

Mrsic.  The  mind  or  imagination  of  some  people  is  strongly  excited 
by  music.  When  one  critically  studies  cases  he  may  be  able  to  make  dis- 
tinctions between  tlie  intluence  of  grand  opera  and  rag  time  music,  and 
whether  the  music  is  heard  indoor  or  out  of  doors,  as  on  a  street  comer 
or  in  a  park. 

TuEATKR.  Attending  a  play  may  bring  on  a  lively  "play  of  the  im- 
agination." 

CinRcii.  A  merchant  once  told  me  that  he  did  his  best  business 
thinking  or  planning  while  apparently  listening  to  a  long  sermon.     And  I 
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know  of  a  college  student  whose  thoughts  were  most  active  while  "llsteu- 
ing  to  a  sermon."  Such  stimulation  is  known  to  but  few,  while  the  op- 
posite, drowsiness,  is  known  to  nearly  everybody.  Perhaps  the  "constitu- 
tion" has  something  to  do  with  It  I  have  notes  on  a  preacher  who  gets 
his  ideas  for  his  next  sermon  a  week  ahead.  If  he  fails  to  get  them  on 
Sunday  night,  he  probably  gets  them  at  the  time  of  the  midweek  prayer 
meeting.  Local  option  meetings  also  seem  to  excite  some — is  it  the  en- 
thusiasm ? 

Storms.  Among  my  case  reports  are  some  of  individuals  whose 
minds  were  set  agoing  during  the  prevalence  of  a  storm ;  if  at  night,  tliere 
was  much  restlessness  and  sleeplessness  with  a  rush  of  thoughts.  An  in- 
quiry into  details  often  leads  to  curious  results. 

Weatheb  Changes  should  also  be  mentioned.  The  state  of  the 
weather  is  by  many  supposed  to  have  an  influence.  I  should  e8i)ecially 
like  to  hear  from  those  who  have  made  any  observations  along  this  line. 

Books.  Books,  as  a  source  of  thought  stimulation  or  of  inspiration, 
are  generally  classified  as  good  or  bad,  ancient  or  modem,  new  or  old. 
To  the  average  reader  a  book  is  simply  a  book,  but  those  who  utilize 
their  thoughts  or  bright  ideas  may  be  able  to  make  distinctions.  Read- 
ing between  the  lines,  an  individual  with  a  vivid  imagination  may  get 
all  sorts  of  new  ideas,  he  may  get  more  out  of  them  than  the  author 
put  in. 

IjEctihes  differ  greatly  in  their  stimulating  influence.  To  some  an 
occasional  lecture  may  be  helpful,  while  repeated  lectures  may  fail  to 
stimulate,  or  one  may  say  there  is  overstimulation  and  the  mind  fails 
to  retain  the  impressions.  We  all  know  how  the  lectures  of  instructors 
vary;  some  stimulate  the  students,  others  do  not. 

Babbeb-Shop  Influences.  One  of  my  old  patients,  who  lived  at  home 
all  the  time,  went  once  a  week  to  the  barl>er  shop,  and  then  complained 
of  insomnia  with  much  dreaming  at  night  (But  to  make  the  story  more 
complete  it  should  he  added  that  he  was  a  chronic  consumptive  and  that 
much  coughing  accompanied  the  insomnia  and  dreaming — some  might  re- 
gard this  as  a  relationship  of  cause  and  effect) 

I  recall  a  statement  In  a  French  reader,  *'Nothing  refreshes  the  mind 
like  having  the  hair  dressed."  A  man  is  supposed  to  have  made  the  re- 
mark— I  mention  this  here  as  a  possible  factor  in  mental  stimulation  in 
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women,  as  they  often  spend  much  time  in  dressing  the  hair.  Perhaps  that 
statement  is  on  a  level  with  that  of  the  poet  who  spoke  about  "scratching 
the  head,  thinking  the  thoughts  would  come,"  etc. 

Exercise  may  bo  an  essential  to  a  writer  or  sedentary  thinker,  as  for 
the  man  who  writes  all  forenoon  and  puts  In  the  afternoon  wnlk- 
ing,  riding,  rowing,  gardening,  etc.  Here  one  would  have  to  distinguish  be- 
tween properly  working  up  ideas  and  getting  new  ones,  between  resting  the 
brain  by  a  different  occupation  and  getting  new  thoughts  while  so  occu- 
pied; the  new  thoughts  may  perhaps  come  Involuntarily  while  physically 
employed. 

Baths  of  various  kinds  seem  to  be  a  stimulant  to  some  persons. 

**Beino  in  Harness"  is  an  important  factor,  as  in  the  case  of  the 
business  man  who  could  not  think,  could  not  plan,  while  on  a  vacation,  but 
the  moment  he  returned  to  his  dingy  office  his  mind  became  very  active. 
One  man  of  affairs  told  me  he  would  rather  wear  out  than  rust  out,  mean- 
ing that  although  he  felt  better  physically  while  away  from  his  old  occu- 
pation his  mind  was  dull ;  he  would  rather  not  feel  so  well  bodily  than 
to  have  ennui  and  boredom. 

Subconscious  Mental  Activity. 

Perhaps  the  most  interesting  phase  of  the  whole  subject  is  that  of 
so-called  subconscious  cerebration,  with  its  various  synonyms,  such  as 
automatic  cerebration,  unconscious  cerebration,  etc.  This  form  of  mental 
activity  is  to  be  clearly  distinguished  from  conscious  activity  on  the  one 
hand  and  from  dreaming  on  the  other ;  it  is  neither.  Thus,  while  writing 
these  notes,  an  old  patient  to  whom  the  question  was  put  gave  me  a  good 
illustration. 

This  woman  Is  a  clerk  in  a  county  treasurer's  office  (I  am  not  nam- 
ing the  county).  Ordinarily  she  does  not  dream,  or  so  lightly  that  few 
of  the  dreams  are  recalled  the  next  morning.  She  has  what  may  be  con- 
sidered good  health,  but  at  times  does  complain  of  some  minor  ills.  Twice 
a  year  she  works  under  gi*eat  stress,  at  taxpaying  time,  when  from  early 
morning  till  late  at  night  she  is  at  the  office,  taking  in  money  and  receipt- 
ing for  it.  After  a  day  or  two  of  this  hard  work  she  continues  the  worlv 
at  night,  "in  her  miild,"  to  the  exclusion  of  sound  or  refreshing  sleep — the 
mind  automatically  and  in  spite  of  all  her  efforts  to  prevent  going  over  and 
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«ivtM*  the  work  of  the  day.  On  account  of  the  liss  of  sleep,  etc.,  she  be- 
jriiiH  to  suffer  hi  health,  and  feels  sure  that  at  tnnes  if  there  were  ji  few 
more  days  of  it  slie  would  break  down.  But  she  admits  ime  advautajre  of 
this  automatic  action  of  the  ndnd  or  brain:  Errors  are  constantly  o<*- 
curring,  and  when  the  books  are  balanced  at  night  no  one  can  account 
for  the  various  discrepancies,  and,  of  course,  there  is  worry.  Now  in  her 
**night  work,"  during  tliis  automatic  cerebration,  she  generally  "sees"  just 
where  the  discrepancies  are  and  the  next  morning  is  usually  able  to 
make  the  corrections  promptly. 

She  has  some  well-detined  ideas  regarding  causes,  that  is,  of  the  cim- 
ditions  under  which  such  activity  comes  on,  and  I  shall  consider  her  re- 
marks later  on  in  sumndng  up  "causes''  and  "supposed  causes." 

Asked  about  dreams,  she  said  they  occun-ed  in  the  winter  time,  rarely 
in  the  summer — the  excei)tlons  usually  being  times  of  actual  Illness. 

Another  patient  told  me  that  as  a  boy  in  school  he  worked  out  his 
mathematical  problems  while  in  bed  at  night.  After  he  left  school  this 
form  of  mental  activity  largely  disappeared  and  now  only  occasionally 
returns;    he  utilizes  It  in  planning  his  business  affairs. 

Insomnia.  After  a  wakeful  period  at  night,  i>erhaps  of  an  hour  or 
two,  there  may  gradually  come  repose,  and  then  when  one  is  about  to 
fall  asleep,  subconscious  mental  activity  may  come  on  with  a  flow  of 
thoughts,  perhaps  valuable  In  one's  work.  Then  comes  the  conscious 
thought,  "If  I  don't  jot  down  these  thoughts  or  Ideas  they  will  be  lost; 
If  I  do  write,  then  the  composure  to  sleep  will  disappear  and  I  wUll 
again  be  wakeful  and  sleepless.  Shall  I  write  or  not?  Shall  I  put  the 
thoughts  on  paper  or  get  the  sleep?"  While  undecided,  sleep  may  come 
on,  there  may  even  be  a  dreaming  that  the  thoughts  have  been  written ; 
the  mind  Is  relieved  and  deep  sleep  follows.  In  the  morning  nothing  is 
remembered  of  the  train  of  thoughts.  If,  however,  they  were  written  out, 
then  on  awakening  the  whole  occurrence  likely  comes  vividly  to  mind, 
or  at  least  there  are  notes  more  or  less  clearly  decipherable.  This  may 
also  occur  In  the  morning  when  one  is  about  to  turn  over  for  another  naj). 
and  then  this  mental  activity  is  confused  with  dreaming,  but  the  coher- 
ency of  ideas  enables  us  to  distinguish. 

Sleepless  nights  of  active  minde<l  people  who  utilize  their  thoughts 
are  often  due  to  the  fact  that  they  do  not  waht  to  let  ge  of  the  thoughts 
that  comp.     'I'liey   lie  jiwake.   thinkin's:  about    ihoni,  or  they  will  be  kept 
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II wake  by  tlie  very  act  of  writing  them  down.  When  the  mind  is  relieved 
and  sleep  is  about  to  come,  there  may  be  another  train  of  thought,  and 
this  too  must  be  disposed  of.  This  may  ret-nr  over  and  over,  and  as  a  re- 
sult there  is  a  sleepless  night.  lusonmia  is  usually  considered  the  bane 
of  the  brain  worker,  but  perhaps  after  all  it  has  its  compensations. 

Some  Individuals  can  distinguish  very  clearly  between  dreaming  and 
snl>conscious  mental  activity.  Some  who  utilize  their  thoughts  refer  to 
the  latter  as  "inspiration,"  and  in  their  attempts  to  bring  on  such  a  con- 
dition have  tried  all  sorts  of  experiments.  In  reading  biography  one  at 
times  comes  across  statements  that  seem  to  refer  to  this  condition  of  mind, 
as  when  Voltaire  or  Pope  in  tlie  middle  of  the  night  calleil  for  his  clerk 
or  stenogi'apher  to  take  down  a  train  of  thought.  This  form  of  mental 
activity  occurs  in  all  kinds  of  persons,  but  as  already  mentioned  is  most 
marked  in  brain  workers.  The  question  naturally  arises.  What  is  back 
of  it  all?  What  produces  this  form  of  mental  activity?  By  gathering  a 
large  mass  of  data  one  may  be  able  to  arrive  at  some  amclusions.  One 
can  not  solve  the  problem  from  a  study  of  books,  it  must  be  studied  in 
living  i>ersons  whom  one  can  question  about  details  and  antecedents. 

Here  again  my  own  obsei'vations  have  been  confined  mninly  to  tho>se 
In  ill  health.  To  what  extent  automatic  mental  activity  is  a  (luestion  of 
medicine  and  to  what  extent  a  problem  in  psychology  may  largely  de- 
l»eud  on  the  individual  studied,  as  well  as  on  the  student — on  his  knowl- 
edge and  purp(»se.  But  we  should  not  forget  that  the  modern  psychologist 
studies  and  investigates  largely  by  the  use  of  instruments,  in  lils  lab  ora- 
tory. 

To  study  the  influence  of  blood  pressure  requires  the  use  of  a  sphyg- 
mograph,  and  that  means  that  the  study  of  thought  stimulation  due  to  the 
changes  in  blood  pressure  is  beyond  the  man  who  makes  but  simple  ob- 
sen'atlons.  The  man  not  coimected  with  a  laboratoi'y  might,  of  courFC. 
seek  out  a  physician  who  makes  blood  pressure  tests  and  would  Interest 
himself  in  the  subject. 

On  the  other  hand,  auto-observations  of  what  is  going  on  in  one's 
own  mind  are  or  can  readily  be  made  by  any  one  who  will  take  tlie 
trouble  to  observe,  no  apparatus  being  re<iuired,  unless  it  be  a  watch  or 
clock  to  note  the  time  of  day  or  night  and  a  fever  thermometer  in  the 
case  of  those  who  have  *'fever  fantasy" — which  may  or  may  not  be  dis- 
tinguishable  from    the   mental    activity    unaccompanied    by   fever   or   dis- 
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turbance  in  tlie  temperature  of  the  body.  At  times  tlie  meutal  stimula- 
tion may  be  wholly  out  of  proportion  to  the  rise  of  temperature,  and  I 
have  had  cases  where  there  seemed  to  be  a  high  temperature,  judging  by 
the  redness  of  the  face  and  the  complaints  of  the  patient,  and  yet  the  ther- 
mometer failed  to  reveal  any  elevation  of  temperature.  One  has  to  dis- 
tinguish between  "feeling  feverish"  and  having  a  real  fever,  that  is,  an 
actual  elevation  of  temperature. 

Just  now  a  fad  has  spread  over  the  country  which  gives  undue  im- 
portance to  this  form  of  mental  activity  in  the  treatment  of  ill  health  and 
the  cure  of  diseases.  It  would  seem  that  there  are  two  kinds  of  psycho- 
therapists, the  real  and  the  pseudo.  The  former  limit  themselves  to  so- 
called  neuroses  and  functional  disturbances,  while  the  latter  ascribe  sub- 
conscious mental  activity  to  practically  everything — except  perhaps  to  the 
healing  of  broken  bones. 

I  have  already  referred  to  the  fact  that  some  individuals  make  sharp 
distinctions  between  dreaming  and  sulxjonscious  mental  activity  or  sul>- 
oonscious  cerebration.  I  myself  believe  these  are  two  different  processes 
but  one  will  have  to  give  close  attention  to  what  is  going  on  in  the  mind 
to  enable  him  to  discriminate.  As  to  the  possible  existence  of  a  "subcon- 
scious mind,"  as  an  entity,  that  is  another  question.  Perhaps  it  Is  synony- 
mous with  the  "soul"  of  the  old  philosophers. 

Questioning  About  Dreams.  In  questioning  people  about  dreams  one 
quickly  learns  to  divide  dreamers  into  three  classes. 

There  are  those  who  "wonder  what  it  means,"  who  are  constantly 
speculating  on  the  signiQcance  of  a  dream.  Some  will  tell  of  having 
heard  some  one  telling  of  seeing  a  certain  event  in  his  dream  and  found 
that  very  thing  to  have  actually  occurred  at  the  time  and  place 
indicated  in  the  dream.  T-hey  will  tell  of  it  in  detail,  if  one  list- 
ens, and  then  ask.  Now  how  do  you  explain  that?  Personally,  I  have 
never  had  such  a  dream,  one  in  which  I  "saw  in  my  dream"  events  or 
incidents  that  actually  hapi>ened.  either  at  the  instant  the  dream  occurred 
or  the  next  day  or  next  week,  or  at  any  time.  Neither  have  I  met  a 
single  individual  who  had  such  a  dream  or  "foresaw"  an  unusual  event. 
When  we  consider  that  out  of  thousands  and  thousands  of  dreams  some 
one  may  have  noticed  such  an  incident,  we  must  conclude  that  it  was 
simply  a  coincidence,  as  where  during  a  thunderstorm  at  night  a  relative 
or  a  friend  exposed  to  the  storm  "is  seen,"  either  stinick  by  lightning  or 
being  near  the  place  where  it  did  strike. 
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Now  it  would  seem  quite  natural  for  one  when  awakened  by  the  peal 
of  thunder  to  think  of  his  relative,  and  the  sudden  thought  may  be  mls- 
takea  for  a  dream.  Even  if  it  were  a  real  dream  and  "came  true"  it 
must  still  be  regarded  as  a  coincidence,  as  one  instance  out  of  thousands 
of  dreams  the  rest  of  which  did  not  come  true.  We  hear  of  the  par- 
ticular one,  and  as  just  remarked,  at  second  hand,  or  even  a  number  of 
removes  from  the  original  source,  to  the  neglect  of  all  dreams  that  did 
not  c*ome  true.  At  times  we  see  a  mention  in  the  newspapers  of  dreams 
that  "came  true.*' 

A  second  class  is  comi)08ed  of  those  who  pay  no  attention  whatever 
to  dreams,  and  also  those  whom  one  can  not  interest  In  the  subject  at  all, 
who  may  even  express  disgust  at  the  very  idea  of  giving  a  dream  a  sec- 
ond thought.    This  class  is  as  unsatisfactory  to  the  student  as  the  other. 

Those  who  do  give  some  attention  to  dreams  and  may  be  made  to 
take  additional  interest  when  their  attention  is  called  to  the  subject  form 
a  third  class — the  class  I  have  in  mind  in  this  paper.  They  are  compara- 
tively few — but,  as  in  other  things,  to  the  few  we  owe  our  increase  in 
knowledge. 

Out  of  the  long  list  of  factors  and  t»onditlons  enumerated  in  this 
paper  only  a  few,  perhaps  only  one  or  two,  may  play  an  important  role 
in  the  life  of  any  one  person;  to  him,  however,  they  may  be  essential. 
As  an  example,  we  have  the  man  who  requires  the  quiet  of  the  country, 
or  on  the  other  hand,  the  man  who  requires  the  stimulation  of  city  life. 

In  asking  for  data  one  can  put  the  question  in  several  ways:  In  the 
ease  of  those  who  have  occasional  periods  when  the  mind  is  very  active, 
we  can  ask,  "Under  what  conditions  does  this  occur?"  "What  causes  the 
mind  to  become  thus  active?"  While  in  those  whose  minds  are  nearly 
always  active,  but  where  there  are  occasional  intervals  of  inactivity, 
when  a  man  says,  "I  can't  think,"  we  may  ask,  "Why  not?" 


As  an  addendum  may  be  mentioned  several  other  factors  that  stim- 
ulate the  mind  and  bring  on  thouglits. 

Trying  It  on  the  Audience — "for  further  inspiration."  I  recall  how 
Dr.  Jordan  used  to  do  this  before  his  classes  in  Evolution,  as  he  himself 
told  us.  I  have  often  wondered  how  much  inspiration  he  got  from  a 
dull  class. 

An  Assigned  Task,  as  a  factor,  as  where  a  member  of  the  Academy 
sends  In  his  title,  and  as  the  time  for  the  meeting  approaches  gradually 
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"gets  busy,"  knowing  that  bis  |>jii)ei*  must  be  rendy  at  a  certain  time — 
for  instance,  myself  during  tlie  last  few  days. 

Finally  may  be  mentioned  (be  Aininal  Academy  Meetings  as  a  sourtre 
of  stimulatiim  and  of  inspiration,  esi)ecially  to  those  of  us  who  live  in 
isolation.    This  is  a  factor  in  thought  stimulation  not  to  be  undervalued. 
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Hygiene  of  Indoor  Swimming  Pooi^,  with  Suck^bstions  fok 

Practical  Disinfection. 


By  Sevebance  BrRRAOE. 


The  "Ole  Swlmmln'  Hole"  of  our  boyhood  days  is  doomed.  The  fa- 
vorite ^)ot  in  i)ond  or  stream  to  which  we  used  to  go  after  school  for  a 
gf>od  swim  an<l  play,  with  no  thought  for  the  microbe  In  the  water  nor  the 
bathing  suit  for  our  bodies,  is,  for  the  boy  of  twlay  almost  unknown,  and 
for  the  boy  of  the  future  will  be  but  an  unrealizable  dream.  With  the 
advance  of  civilization  these  swimming  holes  are  being  replaced  by  public 
bath-houses,  and  to  these,  or  to  gymnasiums  that  are  provided  with 
swimming  tanks,  the  boys  must  go  for  their  swim.  The  streams  and 
I)ouds  have  l)ecome  iK>lluted  to  such  an  extent  that  it'  is  dangerous  for 
the  boys  to  bathe  therein.  This  is  the  result  of  the  increase  in  population, 
coupled  with  the  great  carelessness  of  individuals  and  communities  in  the 
disi)osal  of  wastes.  This  replacement  of  the  natural  swimming  pool  by 
the  indoor  swimming  pool  may  carry  with  it  new  unhygienic  conditions, 
and  it  is  a  discussion  of  these  conditions  and  their  elimination  that  forms 
the  purpose  of  this  paper. 


CONSTBUCTION   OF   INDOOB  SWIMMINO  POOLS. 

One  of  the  first  requirements  in  the  sanitary  construction  of  the  Indoor 
swimming  pool  is  that  it  must  be  so  constructed  that  it  may  be  easily 
cleaned.  To  this  end  the  surface  of  tlie  lining  material  of  the  pool  should 
be  very  smooth,  such  a  surface  as  is  provided  by  glazed  tiles  so  laid  as 
to  avoid  all  cracks  and  crevices.  At  the  angles  formed  by  the  meeting  of 
the  sides  and  Iloor  of  the  |>ool,  curved  tiling  should  be  used,  which  would 
giA^e  the  same  result  In  the  border  of  the  pool  flooring  as  Is  obtained  in 
the  angleless  baseboard  in  up-to-date  hospitals  and  operating  rooms.  The 
almost  unlA'ersal  deposit  of  a  slimy  sediment  in  these  pools,  even  when 
the  water  is  comparatively  clear,  makes  it  ne^-essary  to  provide  for  an 
easy  and  complete  cleaning.  A  concrete  or  cement  lining,  made  as  smooth 
as  it  is  i)ossibIe  to  make  it,  furnishes  a  surface  that  is  dlflicult  to  keep 
clean. 

[10-280081 
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A  Bwlinmiug  pool  llaed  with  the  glazed  tile  referred  to  above  Ib  ehowfi 
111  Fig.  1.  Furdue  I'niversity  Memorial  GymnaBlnm.  lOOfl. 

In  addition  to  the  outlets  for  the  water  In  tUe  bottom  of  the  pool,  it 
la  advisable  to  have,  at  tbe  overflow  point,  a  saBlcient  number  of  outlets, 
or  a  trough  extending  all  around  the  pool,  so  tbat  when  a  Rciim  or  dirt 
collects  on  the  surface  of  the  water,  the  u|)per  layers  may  be  drawn  off 
without  neoessarlly  emptying  the  whole  pool. 


Tbe  floor  of  the  pool  room  should  be  bo  drnlued  that  water  drliiping 
from  bathers  who  have  come  out  of  the  pool  can  not  collect  In  puddles, 
and.  furthermore,  such  water  should  drain,  not  back  into  the  pool,  but 
Into  the  overflow  waste  pipes. 

Thb  Water  Swpply. 

The  water  supplied  to  the  swininilng  ixjol  mu»t  be  pure,  and  every 
possible  means  used  to  keep  It  s*)  during  and  after  Its  use  by  the  bathers. 
The  nearest  approach  to  an  Ideal  water  supply  for  an  Indoor  swimming 
pool  would  be  the  provision  for  a  pure  water  to  start  with,  and  a  contiim- 
ODS  change  of  water,  during  the  use  of  tbe  pool,  tbe  rate  of  this  change 
belDg  governed  by  the  number  of  bntliera  in  the  iwol.  In  most  cases  this 
is  out  of  tbe  question  on  account  of  the  expense. 

The  water  of  these  pools  ia  not  exixised  to  the  many  purifyhiK  fac- 
tors that  affect  out-door  waters.  The  pool  is  usually  located  in  the  base- 
ment or  In  hulldlngn  the  Interior  of  which  the  direct  raya  of  the  sun 
seldom  reach.  Thus  one  of  the  most  Important  factors  In  the  purifirntion 
of  natural  waters  la  removed.     It  Is  true  that  the  water  does  get  some 
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aerutton  wlille  tlie  batliers  iii-e  stirring  tt  up.  but  l)«ciiii!'e  of  tlie  con- 
'stant  rautiiiiiliiiiliiiti  at  SHch  tlmeH.  thla  iieratloii  uinaot  be  (.-iniiited  H|«in 
118  very  iiiuch  of  a  purifying  fnctor.  Duriii}!;  Ilie  limes  when  tlie  im>iiI 
l8  i)ot  being  uxed,  when  the  waler  is  stngiiuiit.  n;>  tinrificullim  is  tuk- 
iiig  place.  On  the  contrary,  bacteriologitml  tests  have  shown  that  there 
Is  an  Increase  in  the  bacterial  content,  partlcnlarly  tf  the  water  has  been 
warmert  up  to  a  teiuiierature  of  75  clegreea  Fulir.  or  over.  There  Is  con- 
siderable sedimentation  during  such  timea,  but  If  tbis  sediment  remains 
In  the  lH>ttom  of  the  |iool  to  be  stirred  up  when  the  bathers  next  use  the 
water,  thlx  cannot  be  looked  uiKin  as  purification. 

The  cold  plunge  at  the  Flelschniann  baths,  New  York  City'  has  "enor- 
mouB  windows  of  plale  glass  facing  south  and  the  medicine  of  the  sun 
and  the  glory  of  the  sky."  (Fig.  6.)  Comparing  this  elt^ant  siiriny 
pool  room  with  the  condition  In  our  average  baxenient  swimniing  pools. 


It  makes  tiie  latter  look  dark  and  gloomy.  The  iwol  room  at  the  Purdue 
gymnasium  Is  on  the  south  side  of  the  building,  and  the  windows  are  large 
for  a  buaeraent  room,  and  yet  even  this  does  not  get  the  necessary  sun- 
light for  purposes  of  purincation  of  the  water. 

At  the  swimming  btillis  at  I^eds,  Kngland  (C«c*rldge  streel),  the  sky- 
light Is  osecl  for  lighting  the  rooms,  but  even  here  the  effect  is  none  too  bril- 
liant.    (Figs,  .t  and  4.)' 

Jan..   190a 
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TOLLI'TION    OF    WaIKK    BY    BaTHKRS. 


A  baoteriologinil  study  of  the  water  nstnl  by  a  bather  at  tlie  Victoria 
Ralhs  at  Bonn,'  shows  well  the  character  and  nmonnt  of  imlliition  that 
may  take  place  in  public  baths.  The  test  was  made  on  a  stoker  (Heizer), 
who  was  made  to  wash  in  a  tub  for  three  minutes,  using  no  soap.  Before 
the  test,  the  bath  water  contained  24  bacteria  in  a  cubic  centimeter,  and 
no  Bacillus  coli.  After  the  three  minute  washing,  the  bath  water  con- 
tained 1,900  bacteria  and  40  Bacillus  coli  In  each  cubic  centimeter. 

Bacteriological  tests  made  by  the  writer  on  the  water  of  the  swimming 
pool  In  the  new  memorial  gymnasium  at  Purdue  University  demonstrated 
the  presence  of  930  bacteria  i>er  cubic  centimeter  in  the  water  of  the  i>ool 
before  being  used  by  the  bathers.  After  use  by  about  thirty  bathers,  all 
of  whom  were  supi)osed  to  have  taken  a  soap  shower  l>efore  entering  the 
l)ool,  the  bacterial  content  was  109,200  i)er  cubic  centimeter.  Tests  were 
made  for  Bacillus  coli,  and  the  results  were  consistently  positive  after  the 
pool  had  been  used.  The  water  Immediately  after  cleaning  the  pool  and 
refilling  gave  consistently  negative  results  for  Bacillus  cffli. 

The  available  literature  gave  almost  no  data  as  to  bacteriological 
analyses  of  swimming  pool  waters.* 

DISEASE   DANGERS    IN    SWIMMING    POOLS. 

There  are  great  chances  for  the  dissemination  of  f^^vm  diseases  through 
indoor  swimming  pools.  The  results  of  the  bacteriological  tests  given  In 
the  preceding  jmragraphs,  which  showetl  the  constant  presence  of  the 
Bacillus  coli  in  the  water  used  by  bathers,  demimstrates  the  i)osslbility 
of  Intestinal  diseases,  particularly  typhoid  fever.  While  bathers  do  not 
swallow  the  water  intentionally,  it  is  next  to  imixisslble  to  avoid  getting 
some  water  Into  the  nose  and  mouth,  which  would  ultimately  reach  the 
Intestinal  tract.  One  does  not  have  to  be  sick  or  to  have  any  symptoms 
of  typhoid  fever  to  disseminate  the  germs  of  that  disease.  This  is  well 
shown  in  the  notorious  case  of  "Typhoid  Mary"  in  New  York.' 

Diseases  of  the  respiratory  tract  have  an  unusual  chance  to  be  spread 
In  the  swimming  pool.    The  bather  with  incipient  tul>erculosls,  pneumonia 


*  Zar  Hygiene  der  Ilallcnschwlmmbade.  Dr.  Setter.  Aus  dem  Hygienlscheu 
Inst,  der  Unlv.  Bonn.     Rundschau,  Dec.  1,  1008. 

»  Hesse,  Dresden.  Zeltschrlft  f.  Hyp.  Bd.  2.5.  Eden,  Berlin.  Arch,  f.  Hyg.  Bd. 
10.     Koslik,  (iratz.     Dlese  ZeUsrlir.  1Sf)S,  S.  .'lei. 

-  \Vh{p|»l<>.    Typholil    Fever. 
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or  tonsillitis,  witti  liis  sputtering,  coughing,  snorting  and  spitting,  would 
undoubtedly  infect  the  water  with  the  specific  germs  of  those  diseases. 
Ordinary  colds  and  sore  throats  following  the  plunge  bath  are  frequently 
laid  to  the  effects  of  the  bath,  while  in  most  cases  such  results  are  un- 
doubtedly due  to  germ  infection.  One  of  the  factors  which  lead  the  writer 
to  take  up  this  subject  was  an  epidemic  of  colds  among  the  users  of  the 
Purdue  swimming  pool  this  fall. 

Venereal  diseases  could  be  transmitted  through  the  agency  of  the 
swimming  pool.  One  case  of  gonorrhoea  could  infect  many  eyes  in  a 
crowded  swlnuning  pool. 

It  is  practically  impossible  to  compel  the  bathers  to  submit  to  a  com- 
plete medical  inspection  and  physical  examination  before  they  are  allowed 
to  enter  the  pool,  and  yet  from  many  points  of  view  this  would  be  a  most 
desirable  thing. 

The  least  that  can  be  done  for  the  protection  of  the  bathers  is  to  In- 
sist that  certain  rules  be  strictly  adhered  to.  For  example,  such  rules  as 
the  following  are  posted  prominently  In  the  Purdue  gymnasium : 

TAKE  A  SOAP  SHOWER  BEFORE  ENTERING  POOL. 

All  gymnasium  privileges  will  be  denied  persons  affected 

by  any  contagious  or  communicable  disease. 
All  persons  must  take  a  soap  shower  before  entering  the 

pool. 
All  persons  using  the  pool  must  wear  bathing  suits  or 
trunks. 
Of  course  facilities  must  be  provided  for  the  required  showers,  and 
each  person  should  provide  his  own  towel  and  soap. 

In  the  Central  Baths,  Bradford,  Ehigland,  special  arrangements  are 
provided  for  washing  the  feet,^  a  most  desirable  thing  as  a  prerequisite 
to  the  use  of  the  pool.    (See  Fig.  7.) 

PRACTICAL  PURIFICATION   OF  WATER  IN   SWIMMING   POOUS. 

The  amount  and  character  of  the  pollution  in  swimming  pool  waters 
point  very  clearly  to  the  need  of  some  practical  process  of  purification.  In 
most  cases  it  is  too  expensive  to  have  a  continuous  change  of  water,  and 


*  Centralized  Public  Baths.     Bertha  H.  Smith,  Modern  Sanitation.     November, 
1909. 
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In  some  too  expensive  to  cliange  the  water  om-e  or  twice  it  week.  At  the 
Ceulral  Baths,  Bradford,  England,  tLe  wxter  is  filtered.  Tbe  expeaue  o! 
pumping  tbe  water  and  caring  for  the  hUer  does  not  make  the  BItration 
process  a  partlciiiarly  econonik-nl  one. 

It  occurred  to  the  writer  that  some  chemical,  as  copper  sulphate  or 
chloride  of  lime,  both  of  which  are  l>elu|;  used  extensively  In  tbe  purifica- 
tion of  sewage  and  sewage  polluted  waters,  might  be  used  in  the  treatment 
of  swimming  pool  waters  with  but  small  exiiense.  Inquiries  In  many  di- 
rections and  a  careful  search  In  available  literature  resulted  In  but  scant 
Information.  A  sli^le  reference'  reported  the  use  of  a  chemical,  an  "elec- 
trolytic fluid,"  by  the  medical  offlcer  of  health  of  the  metropolitan  borough 


of  Poplar,  Mr.  F.  W.  Alexander.  This  fluid  Is  obtained  by  the  electrolysis 
of  a  solution  containing  magnesium  chloride,  the  result  being  a  solution 
of  umgneslum  hypoclilorite.  Treatment  of  water  in  swiumiiug  baths  by 
this  fluid  was  thought  to  be  simple,  economical  and  effleient,  bacter I u logical 
tests  on  water  so  treated  glvlnj;  sterile  results. 

Before  finding  tills  referent*  tlie  writer  had  conducted  a  series  of 
tests  on  the  water  of  tbe  swimming  i>ooI  at  the  I'unlue  gj-mnHRluin,  using 
chloride  ot  lime. 

Commercial  chloride  of  lime  (bleaching  powder)  is  usually  manufnc- 
liireil  by  passing  dry  chlorine  uraa  over  freshly  slaked  lime,  the  chlorine 

'  Rclpntlflp  .tmprfcan  Suppl.  No.   1765,  Oct.  30.   IBOO. 
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heliig  obtaiiKHl  by  the  electrolysis  of  siilt.  This  elilnrlde  of  lime  is  coui- 
lM)Ke<l  Inr^ely  of  cmIcIuiii  liy|MK-hlorite.  When  addeil  to  water  this  liy|K)- 
chlorite  dissolves,  leaving  a  reHulue  of  ealeiuiu  hydrate  aud  ealeiuni  car- 
bonate. Both  of  these  substances  are  entirely  harmless  factors  in  a  bath 
water.  The  oxidizing  power  of  the  eonimerolal  chloride  of  lime  is  repre- 
seuted  by  al>out  35  per  cent  of  available  chlorine.  It  Is  nascent  oxygen 
that  is  the  purifying  fact<>r,  not  the  chlorine. 

The  capacity  of  the  I'urdue  swimming  pool  is  S5,000  gallons,  and  680 
grams  of  the  chloride  of  lime  were  used  at  each  dose.  This  would  be  about 
the  equivalent  of  20  pounds  to  the  million  gallons.  Before  starting  the 
experiment  with  the  chemical,  bacterlologic»al  analyses  were  made  of  the 
water  for  a  week,  the  ikk>1  l)elng  emptied  t^ice.  No  attempt  was  made  to 
keep  track  of  the  number  of  bathers  In  the  pool. 

The  following  table  shows  the  results  of  the  analyses  for  the  week 
before  using  the  chemical  dosage,  compared  with  the  results  of  the  analyses 
for  the  week  while  the  dosage  was  going  on.  During  tlie  latter  week,  that 
is,  while  the  tank  was  being  dosed  with  the  chemi(*al,  the  water  was  not 
changed  at  all. 

The  method  of  applying  the  chemical  was  to  si>rinkle  it  on  the  surface 
of  the  water  in  the  pool.  This  was  easily  done  with  one  trip  around  the 
edge,  throwing  the  powder  as  one  walked.  The  time  occupied  in  this 
process  was  less  than  two  minutes. 

No.  of  Bacteria 
Date.  perc.c.  B.CoU. 

Monday,  November  1,  pool  just  tilled 560  None 

Evening,  after  use 6,160  Present 

Tuesday  a.  m.,  November  2 20,650  I'reseni 

Evening,  after  use 37.000  Present 

Wednesday  a.  m.,  November  :\ 27,800  Present 

Evening,  after  use (R),500  Present 

Tank  emptied. 

Thursday  a.  m.,  just  after  fining 030  None 

Evening,  after  use 8,500  Present 

Friday  a.  m.,  temperature  of  water  85  Fahr 10!),200  Present 

Evening,  after  use 10(»,400  Present 

Saturday  a.  m..  November  6 1 18,000  Present 

Evening,  after  use 140,000  Present 
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Monday,  November  15,  pool  freshly  filled # 780  None 

Evening,  after  use 28.100  Present 

Pool  dosed  with  080  grams  chloride  lime. 

Tuesday,  November  16,  a.  m 20  None 

Evening,  after  use 12,000  Present 

Pool  dosed  with  chloride  of  lime. 

Wednesday  a.  m.,  November  17 14  None 

Evening,  after  use  (no  sample). 
Pool  dosed  with  chloride  of  lime. 
Thursday  a.  m.,  November  18,  water  had  not  been 

changed  as  was  usually  done '.)  None 

Evening,  after  use  (no  sample). 
Pool  not  dose<l. 

Friday  a.  m.,  Noveml>er  ID 11,200  Present 

Evening,  after  use 20,500  Present 

Doseil  witli  chloride  of  linif*. 

Saturday,  November  20 18  None 

Evening  (no  stimplc). 

A  study  of  the  results  shown  on  this  tal)le  indicates  tliat  the  effect  of 
the  chloride  of  lime  treatment  is  almost  complete  sterilization.  The  sam- 
ples of  water  taken  the  morning  after  the  water  had  l)een  dosed  in  no  case 
showed  more  than  26  bacteria  per  cubic  centimeter.  And  what  I  believe 
to  be  a  very  important  factor  is  that  the  general  average  of  the  bacteria 
is  lower,  much  lower,  than  during  the  weelj  when  the  chemical  was  not 
used.  The  effect  of  stopping  the  dosage  is  prettily  shown  in  the  Friday 
morning  sample,  November  19.  The  pool  is  used  by  the  "coeds"  and  faculty 
ladies  on  Thursday  evenings,  and  it  was  inconvenient  for  the  writer  to 
arrange  to  have  the  sample  «>llected.  No  arrangement  was  made  to  have 
the  chemical  applied. 


SrMMARY   AND   CONCLUSIONS. 

There  are  certain  dangers  to  health  in  the  indoor  .swimming  pools. 
The  construction  of  the  pools,  the  enforcement  or  neglect  of  rules  govern- 
ing those  who  use  the  ikmiIs,  the  proiier  attention  to  the  water  supply,  as 
to  its  purity  before  use  by  the  bathers  and  after  use,  all  have  a  (lirect 
l>earing  on  the  extent  of  these  dangers. 


On  accoQQt  of  the  expense  it  is  iinietically  impuselble  to  provide  for 
a  contlnuoua  change  of  the  water.  The  llllrtUlon  of  the  pool  water  after 
use  also  tnvohes  Boiiie  trouble  anil  exiienxe.    The  use  of  certain  dlsln- 
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fectants  would  seem  to  t>e  more  simple  and  economical.    Tlie  writer  would 
criticise  the  liquid  or  Biiid  chemicnla  as  being  harder  to  apply  to  the  pool 
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wnter.  Tbe;  would  have  to  be  thorougbly  stirred  Into  the  wnter.  The 
substnuce  used  by  tlie  writer,  chloride  of  lime.  Is  s|irlukled  on  the  surface 
of  tbe  water,  and  It  to  a  great  extent  distributee  Itself  by  sinking  through 
the  water.  The  results  of  the  bacterioioglciU  tests  pertalnly  indicate  that 
tbe  substHDi-e  has  a  very  gi-cnt  purifying  iHnvcr. 


The  Indoor  swimming  pool  Is  a  valuable  hygienic  factor  in  our  public 
baths  and  gymnasiums.  It  makes  the  bath  attractive  to  many  who  would 
otherwise  look  upoD  Imthlng  as  a  bore.  Anything  which  will  tend  to  uiake 
the  boys  and  girls,  youths  and  maidens,  men  and  women  bathe  mote  fre- 
quently Is  desirable.  But  tbe  swimming  i>ool  has  Its  dangers,  and  most  of 
these  depend  not  upon  the  users  of  the  pools  alone,  but  much  more  on  the 
construction  and  management  of  them.  Therefore  we  must  look  to  the 
builders  and  directors  of  our  baths  and  gymnasiums  for  the  satisfBCtory 
hygiene  and  sanitation  of  indoor  swimming  pools. 
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The  PROBLt:M  of  Sewage  Purification  in  Indiana. 


Hy  U.  L.  Sackeit. 


CONDITIONS. 

As  the  i>oinilation  of  a  city  Increases,  the  difficulties  of  obtaining  a 
sufficient  water  supply  which  is  free  from  contamination  by  sewage  be- 
comes more  and  more  difficult.  It  is  now  a  well  established  fact  that 
sewage-contaminated  waters  are  to  a  considerable  extent  the  cause  of 
summer  complaint  and  other  bowel  troubles,  besides  the  more  dangerous 
disease,  typhoid  fever.  The  extensive  death  rate  among  children  is  in 
some  measure  chargeable  to  Impure  water. 

There  are  very  few  large  cities  that  are  able  to  obtain  a  ground  water 
of  satisfactory  quality  and  quantity.  We  are  therefore  driven  to  the  use  of 
surface  water. 

ODJECr   OF    SEWAGE  Pl'RIFICATION. 

I^arge  volumes  of  sewage  are  discharged  into  the  White,  the  Wabash 
II ad  Ohio  rivers  and  their  branches,  also  Into  Lake  Michigan,  by  the  cities 
situated  near  them.  In  order  to  maintain  a  stream  in  a  condition  ap- 
proaching normal  purity,  methods  for  the  purification  of  sewage  are  ap- 
plied, so  that  the  resulting  effluent  discharged  Into  a  stream  is  purer.  This 
purification  Is  obtained  by  some  method  of  oxidation  which  will  remove 
the  putrefactive  material  or  highly  organized  food  on  which  pathogenic 
Imcteria  live. 

Sewage  purification  Is  a  relative  matter,  and  absolute  purity  of  the 
effluent  is  practically  impossible  and  generally  is  unnecessary.  The  prob- 
lem, then,  is  to  adapt  available  means  to  the  conditions  in  order  to  eco- 
nomically defend  the  people  against  water-born  diseases. 

Dilution  may  be  considered  a  process  of  purification,  and  therefore 
the  larger  the  volume  of  pure  water  available  In  a  stream  the  lower  the 
IK*rcentage  of  purification  requlrecl,  for  wherever  there  Is  running  water 
not  already  contanilnate<l,  oxygen  Is  present  and  some  purification  takes 
l»lace;   vegetation  and  se<l  I  mentation  also  assist. 

The  old  theory  that  a  stream  would  purify  Itself  In  a  flow  of  ten  miles 
was  a  dangerous  one,  l>ecause  It  depondotl  distinctly  on  conditions. 
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In  many  instances  no  doubt  typhoid  has  been  carried  thirty  miles  by 
a  river,  and  then  has  caused  a  serious  epidemic. 

PB0CES8   OF  PURIFICATION. 

While  a  certain  amount  of  purifleation  talipes  place  in  a  septic  tank, 
its  office  is  rather  that  of  changing  the  organic  matter  from  the  condition 
of  suspension  to  one  of  solution.  Hence  It  Is  now  more  frequently  called 
a  hydrolytic  tank.  It  is,  however,  important  in  that  it  makes  the  succeed- 
ing processes  of  nitrification  easier  and  permits  of  much  more  rapid  treat- 
ment than  would  otherwise  be  possible. 

The  second  step  is  one  of  several  types  of  filtration.  First,  we  might 
place  the  slow  sand  filter,  which  was  usually  some  3  or  4  feet  deep;  over 
the  surface  sewage  flowed  either  continuously  or  intermittently,  the  latter 
being  the  more  efficient  method. 

A  second  form  was  the  contact  filter,  which  was  a  tight  tank  filled 
with  broken  stone,  coal  or  hard  clinker.  This  tank  was  filled  with  sewage 
from  the  bottom,  and  after  a  time  was  emi)tied  automatically. 

The  third  and  most  successful  type  of  filter  Is  formed  of  stone,  about 
one-half  inch  in  diameter.  Over  the  surface  sewage  is  sprayed  or  sprinkled 
l>eriodically  by  automatic  syphons. 

After  filtration  there  is  still  left  some  organic  matter,  but,  if  the 
process  is  successful,  it  does  not  cause  putrlfication.  It  is  quite  probable 
that  some  bacteria  pass  through  the  filter  and  thus  gain  access  to  the 
stream.  Hence  it  has  been  proposed  that  where  a  high  degree  of  purifica- 
tion is  necessary  the  effluent  from  the  filters  should  be  sterilized. 

PURIFICATION   PLANTS   IN    INDIANA. 

Two  or  three  tanks  were  installed  in  Indiana  some  ten  years  ago,  and 
a  set  of  four  small  sand  filters  was  at  one  time  (about  1900)  In  operation 
at  Indiana  Harbor,  but  has  since  been  abandoned. 

The  oldest  plant  still  in  operation  is  at  the  Eastern  Indiana  Hospital 
for  the  Insane  near  Richmond.  It  consists  of  a  concrete  tank  and  inter- 
mittent sand  filters.  It  treats  the  sewage  of  about  1,000  people  and  leaves 
the  stream  into  which  the  effluent  flows  in  a  very  satisfactory  condition. 
It  was  built  In  1901  at  an  expense  of  $9,000.  The  cost  of  operation  has 
been  negligible. 
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The  second  plant  of  any  size  was  built  at  the  Southern  Hospital  near 
EyansYille.  It  was  a  chemical  precipitation  plant  using  lime  or  soda  ash. 
After  precipitation  in  large  concrete  tanks  the  sludge  was  pumped  to  a 
press;  the  resulting  cake  of  organic  matter  was  dumped  into  a  cistern 
made  for  the  purpose.  The  cost  of  the  plant  was  originally  $18,000,  and 
the  cost  of  operation  about  $1,200  per  year. 

It  was  replaced  in  1905  by  a  three-step  process  which  included  tanks, 
stone  filters  and  finally  intermittent  sand  filters. 

The  conditions  here  required  a  high  degree  of  purification.  The  popu- 
lation is  approximately  1,000,  and  the  cost  of  operation  is  probably  less 
than  $200  per  year.    The  cost  of  reconstructing  the  plant  was  $10,000. 

In  1908  the  city  of  Bloomington  ccnstruoted  a  system  of  sanitary  sew- 
ers and  installed  a  purification  plant  consisting  of  a  central  concrete  tank 
and  two  series  of  stone  filters,  the  latter  being  sprinkling  filters. 

Angola,  a  city  of  about  three  thousand  i>opuiation,  is  now  construct- 
ing a  system  of  sewers  and  a  sewage  purification  plant  consisting  of  sedi- 
mentation tanks,  stone  filters  for  the  first  treatment  and  sand  filters  for 
the  final.  The  city  will  build  a  second  plant  next  year.  The  cost  of  the 
two  plants  will  be  about  $20,000.  The  cost  of  operation  of  these  small 
municipal  plants  will  be  watched  with  interest,  as  it  will  determine  in 
some  measure  the  details  of  future  designs. 

« 

The  city  of  Laporte,  with  a  iK)pulation  of  12,000  and  rapidly  growing, 
Is  completing  plans  for  a  system  of  sewers  and  is  providing  for  sewage 
I)urificatlon. 

The  city  of  Shelbyvllle  is  also  constructing  a  system  of  sanitary  sew- 
ers, and  the  entire  town  looks  forward  to  sewage  purification  at  some  time. 

There  Is  no  question  but  that  the  educational  propaganda  which  the 
State  Board  of  Health  has  been  pursuing  Is  bearing  fruit  The  state  in- 
stitutions themselves  are  with  a  few  exceptions  well  provided  with  a  good 
water  supply  and  sewage  purification  plants  where  they  would  otherwise 
prove  a  danger  to  neighboring  communities. 

There  can  be  no  doubt  but  that  this  movement  toward  pure  water  will 

have  a  measurable  effect  upon  tbe'morbidity  and  mortality  of  the  State. 

Purdue  ITnlversity. 
Lafayette,  Ind. 
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That  Erroneous  Hiawa.tha. 


By  Albebt  B.  REAOiN. 


Hiawatha,  hero  of  Longfellow's  poem  of  the  same  name,  is  not  recog- 
nized as  a  hero  god  by  the  Chippewa  Indians.  Neither  the  name  nor  the 
person  designated  occurs  In  the  mythology  of  these  people.  Their  god  is 
Menlbusha,  and  the  only  word  approaching  Hiawatha  is  Ket'-che-wah'-sah, 
which  means  "afar  off."  Through  the  kindness  of  the  Indian  missionary 
and  court-agency  interpreter  here,  Kev.  Frank  H.  Pequette,  who  Is  himself 
a  Chippewa  and  has  lived  and  preached  in  various  parts  of  the  Chippewa 
country,  I  quote  his  own  summing  up  of  this  subject : 

"When  a  white  man  asks  an  American  who  is  the  greatest  man  of  his 
country  he  ans^vers,  'George  Washington.*  But  I  am  here  to  declare  that 
Hiawatha  is  not  the  hero  of  my  race.  This  personage  is  unknown  to  the 
Chippewa  Indian. 

**The  Indian  lad  sitting  in  the  forest  with  his  bt)w  and  arrow,  ol)serv- 
ing  the  trees  and  the  sky  and  tlie  sand  and  the  water  of  the  Great  Lakes 
and  the  animals  and  the  fishes,  asks  himself,  'Who  made  these?*  lie  cannot 
answer  the  question  himself,  so  he  asks  the  old  medicine  man  of  his  tribe. 
'Menibusha,*  answers  the  sage.  'Menibusha  made  the  earth,  sky,  the  sun, 
moon  and  stars,  and  the  wild  things  and  the  fishes,  and  he  made  you  also, 
my  son.*  So  says  the  medicine  man  of  the  tribe.  Menibusha  also  made 
the  land,  the  island-continental  surface  on  which  we  now  live.  He  is  the 
first  brother  of  all  mankind  and  now  lives  in  the  East. 

"All  the  Indians  before  they  l)ecame  Christians  (that  is,  all  Chippe- 
was)  8Upi)osed  that  Menibusha  was  the  Supreme,^the  greatest  man  and  god 
of  his  nation.  And  when  the  first  white  man  asked  the  Indian  the  ques- 
tion who  was  their  greatest  personage  the  Indian  replied,  'Menibusha.* 
'Where  does  he  live?*  of  course  asked  the  white  man.  'Ket'-che-wah'-sah,* 
replied  the  Indian — meaning  (that  he  was)  afar  ofl'.  The  white  man*s 
ears  were  not  tuned  to  the  Indian  sounds  used  in  pronunciation  and  he 
caught  it  Hiawatha,  which  did  not  mean  god,  but  'afar  ofl" ;  and  one  great 
white  fellow,  LongfelLow  by  name,  wrote  our  legends  with  this  unknown 
Hiawatha.    But  this  Hiawatha  is  not  known  to  us  Indians.** 

[11—23008) 
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Medicinal  Value  of  Eupatorium  Perforatum. 


By  a.  J.  Btgney. 


Eupatorium  perfoliatum,  comniuiily  kuowu  as  thorougbwort,  or  boneset. 
Is  a  well-known  plant,  yet  its  real  niedlrinal  value  is  not  as  well  known 
as  it  should  l>e.  This  plant  varies  from  two  to  four  feet  in  height,  blos- 
$K)ining  in  August  and  September,  and  is  abundant  in  flat  and  swampy 
lands.  It  seldom  grows  in  hilly  sections.  Nature  seems  to  have  made 
provision  for  the  curing  of  the  diseases  prevalent  in  certain  regions.  In 
swampy  countries  chills,  malarial,  intermittent,  typhoid  and  other  fevers 
are  common.  Since  boneset  occurs  in  these  localities  and  is  particularly 
valuable  for  curing  such  diseases  it  seems  to  substantiate  the  above  state- 
ment. 

The  blossoms,  small  branches  and  leaves  are  the  parts  generally  used. 
It  has  four  medicinal  properties — an  emetic,  a  tonic,  a  light  laxative  and 
a  diaphoretic.  As  a  diaphoretic  it  should  be  taken  hot  just  l)efore  retiring. 
This  is  specially  helpful  for  colds  and  fevers.  For  restoring  the  powers 
of  the  stomach  it  is  better  to  take  boneset  cold. 

For  the  diseases  already  mentioned  boneset  has  been  known  and  used 
as  a  home  remedy  for  a  long  time.  In  the  so-called  la  grippe  it  has  not 
i>een  used  very  extensively  so  far  as  I  can  learn.  Some  prominent  physi- 
cians say  it  is  almost  a  specific  for  it. 

My  experience  in  its  use  dates  from  the  first  appearance  of  la  grij>pe 
in  this  community,  about  1889.  As  soon  as  the  symptoms  begin  a  teacupfnl 
of  the  infusion  of  the  boneset  is  taken  just  before  retiring.  This  produces 
some  perspiration,  strengthens  the  nerves,  regulates  tlie  digestive  organs, 
thus  giving  the  body  an  opportunity  to  increase  the  building  up  of  the  sys- 
tem, and  in  this  way  the  resisting  jwwer  is  suflicient  to  overcome  the  dis- 
ease. Occasionally  the  next  day  some  of  the  cold  infusion  may  be  taken, 
always  before  meals,  for,  after  eating,  the  emetic  power  may  jiredominate. 
The  next  night  the  hot  solution  should  be  taken.  Usually  this  kind  of 
treatment  will  cure  the  disease  without  going  to  bed  at  all.  This  treat- 
ment should  be  taken  early  in  the  development  of  the  disease  In  order  to 
get  the  l)est  results. 
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The  first  time  of  taking  It,  it  siiould  not  be  very  strong  until  a  person 
finds  out  its  action  on  his  stomach,  for  the  emetic  influence  is  exerted  much 
stronger  in  some  persons  than  in  others.  If  one  can  retain  It,  It  matters 
but  little  about  the  strength  of  it.     It  is  made  as  ordinary  tea. 

I  have  thoroughly  tested  it  in  my  own  case  when  la  grippe  has  been 
making  its  invasion,  and  as  a  result  I  have  never  yet  had  a  regular  siege 
of  the  disease.  My  own  family  has  tried  it  time  and  again  with  splendid 
results.  Some  people  cannot  take  it  at  all  because  of  its  emetic  effect.  I 
have  given  my  neighbors  the  benefit  of  my  experience.  While  its  results 
are  always  good,  yet  in  some  persons  the  results  will  not  be  as  marked  as 
in  others. 

The  students  of  Moores  Hill  College  have  been  very  willing  to  respond 
to  my  desire  to  have  them  test  it.  Students  have  come  into  the  class- 
room with  the  symptoms  strongly  developed,  and  on  being  advised  to  take 
this  remedy  have  actually  taken  it  that  night.  They  would  report  that 
the  results  were  even  better  than  they  could  have  expected  in  so  short 
a  time.  They  would  not  even  have  to  stop  work.  Scores  of  reports  could 
be  given,  but  I  do  not  think  it  necessary.  The  best  way  will  be  to  test 
it  for  yourself.  It  can  be  secured  from  your  druggist  if  it  does  not  grow 
in  your  locality.  An  extract  of  boneset  is  made,  but  I  have  had  no  ex- 
perience with  it 

I  am  pretty  thoroughly  convinced  that  nearly  every  case  of  la  grippe 

can  be  cured  by  this  remedy  if  taken  early  in  the  development  of  the 

disease. 

Moores  Hill  CJollege, 
Moores  Hill,  Ind. 
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Refractive  Index  as  a  Measure  of  Dry  Substance  in 

Saccharine  Products.* 


By  a.  Hugh  Bbyan. 


Dry  substance  determinations  are  the  most  difficult  determinations  a 
a  chemist  has  to  make,  and  again  one  of  the  most  important.  In  sugar 
materials,  containing  many  organic  substances  and  also  Inorganic  salts, 
various  reactions  and  changes  are  going  on  when  the  sample  is  heated  in 
the  course  of  making  a  dry  substance  determination.  Varying  degrees  of 
heat  also  tend  to  decomjKJse  these  substances.  Also,  the  length  of  time  of 
heating  Is  a  very  imjwrtant  factor.  The  accepted  method  for  sugar  com- 
pounds, where  accurate  results  are  desired,  is  the  loss  of  weight  at  70** 
C.  when  heated  In  vacuum.  It  has  been  found  at  that  temperature  that 
levulose  shows  little,  if  any,  decomposition.  Sugar  chemists  of  Germany 
modify  that  procedure  by  drying  at  65**  to  70**  C.  in  the  air  until  all  vis- 
ible water  is  gone,  and  then  heat  for  from  2  to  4  hours  at  105**  0.  In 
vacuum,  it  being  claimed  that  by  first  drying  and  then  heating  to  105**  in 
vacuum,  no  sugar  is  decomi)osed.  It  is  a  fact,  however,  that  If  one  makes 
two  determinatIon.M  of  moisture  on  the  same  sample  at  different  times. 
It  is  more  than  likely. that  the  results  will  not  check.  Differences  of  as 
high  as  0.5%  have  been  noted,  esi)eclally  where  the  substance  under  exami- 
nation is  high  In  reilucing  sugars.  It  can  hardly  be  expected  to  obtain  a 
method  for  determining  moisture  accurately  without  a  direct  determination 
of  this  by  drying.  Such  a  procedure  takes  time,  and  at  Its  best,  so  far, 
gives  only  approximate  results. 

The  refractometer  was  first  trlcnl  In  sugar  work  by  Strohmer  (Zeit 
Ruben  Zuckerind.,  Vol.  21,  p.  250)  In  1884  and  again  in  1886  by  Muller 
(Ibid.  Vol.  37,  p.  91).  They  showing  that  the  Index  depended  on  the 
concentration  of  solution.  The  latter  Investigator  gave  a  table  for  esti- 
mating the  dry  substance  of  l)e€t  Juices  from  the  refractive  index.  Again 
In  1901,  Stolle  published  a  table  for  the  above.  All  of  these  used  the  old 
forms  of  instruments.  Tolman  and  Smith,*  using  the  beatable  prism  In- 
strument, such  as  is  used  today,  and  pictured  later  in  this  paper,  found 


♦Published  by  permission  of  the  Secretary  of  Agriculture. 
Uour.  Amcr.  Chem.  Soc.  (190«).  t8,  1476. 
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that  for  equal  concentrations,  all  sugars  have  about  the  same  index  of  re- 
fraction. Main'  published  tables  of  water  content  from  refractive  index 
in  1907,  and  called  attention  to  the  accuracy  of  this  method,  as  compared 
with  the  true  dry  substance.  Since  that  time  the  literature  has  been  full 
of  articles  on  this  method  of  determining  the  dry  substance. 

All  authors,  with  but  few  exceptions,  claim  much  for  this  method  as  n 
quick  one  and  yielding  comparable  results.  They  all  agree  that  the  re- 
sults so  obtained  are  nearer  the  true  dry  substance  than  by  obtaining  the 
dry  substance  from  the  specific  gravity.  The  substances  dissolved  along 
with  the  sugar  seemingly  have  a  closer  refractive  index  to  sugar  than 
specific  gravity. 

Working  on  syrups  of  various  origins,  I  obtained  the  following  aver- 
age figures.^  The  method  for  true  dry  substance  was  loss  of  weight  in 
vacuum  at  70°  C.  The  table  of  Prinsen  Geerligs,  and  also  his  corrections 
for  temperature  were  used.    These  are  given  later  in  this  paper. 

IN   CASE  OF  MAPLE  SYBUP. 

Thirteen  samples  were  examined.  In  only  one  case  was  the  refracto- 
meter  dry  substance  higher  than  the  true,  and  in  all  others  the  true  dry 
substance  was  higher.  This  difference  ranged  from  0.20%  to  1.34%  with 
an  average  of  0.50%. 

WriH  CANE  SYRUP. 

Ten  samples  were  examined.  In  three  cases  the  refractometer  dry 
substance  was  higher  than  the  true  by  0.16%,  0.34%,  0.62%.  The  other 
cases  range  from  0.24%  to  0.93%,  or  an  average  difference  on  the  whole 
of  0.29%. 

HONEYS. 

Twenty-four  samples  were  examined.  In  2  cases  the  refractometer 
dry  substance  was  higher  than  the  true  by  0.21%  and  0.91%.  In  all  the 
rest  it  was  lower  by  from  1.15%  to  2.52%,  with  an  average  of  1.45%. 
This  is  the  greatest  difference  noted.  One  of  three  causes  or  all  may  ac- 
count for  this  large  difference.  (1)  The  actual  dry  substance  may  not  be 
right,  viz.,  this  product  may  not  give  up  all  of  its  water  at  70°  in  vacuum, 
or,  (2)  the  dextrin  of  the  honey  may  change  the  refractive  index  of  the 


'Inter.  Sugar  J.  (1907),  9,  481. 

*NoTB.    See  Jour.  Amer.  Chem.  Soc.  (1908),  30,  1443,  for  a  previous  paper  on  this  sui^ject 
by  the  author. 
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whole,  or,  (3)  the  values  given  in  the  table  for  dry  substance  from  refract- 
ive index  may  not  be  right. 

#         COMMEBCIAL   GLUCOSE. 

The  two  samples  examined  show  tlie  refractive  index  dry  substance 
higher  by  0.27%  than  the  real  dry  substance.  The  closeness  of  these  read- 
ings would  tend  to  disprove  the  second  cause  for  honey. 

CANE    MOLASSES. 

Seventeen  samples  were  examined.  In  3  cases  the  refractometer  dry 
substance  was  higher  than  the  true  by  0.16%,  0.39%,  and  0.59%.  In  all 
the  rest  it  was  lower  by  from  0.38%  to  1.53%.  The  average  difference 
was  0.79%. 

BEET  MOLASSES. 

Fifteen  samples  were  examined.  In  all  cases  the  true  dry  substance 
was  higher  than  the  refractometer.  The  difference  varied  from  0.38% 
to  1.83%,  with  an  average  of  1.08%.  When  the  original  substance  was  di- 
luted one-half  with  water,  and  a  reading  made  on  this,  the  dry  substanc*e 
obtained  was  doubled.  The  results  showed  5  cases  where  the  refractive 
index  dry  substance  was  higher  than  the  true  by  from  0.25%  to  0.53%. 
In  all  other  cases,  the  true  was  the  highest  by  from  0.30%  to  1.62%,  with  an 
average  of  0.36%.  It  Is  seen  then  by  dilution,  the  average  difference  be- 
tween the  true  dry  substance  and  refractometer  has  dropped  from  1.08% 
to  0.36%.  The  results  then  are  nearer  the  true  dry  substance.  This 
comes  about  by  being  able  to  get  a  clearer  field  and  thereby  a  closer  read- 
ing. 

However,  later  work  has  shown  that  this  dilution  with  water,  even 
though  it  has  brought  the  dry  substance  by  refractometer  nearer  the  true 
dry  substance,  introduces  a  serious  error.  When  water  is  added  to 
molasses  there  is  a  contraction  in  volume. 

This  contraction  has  been  taken  into  account  in  the  construction  of 
specific  gravity  and  refractometer  table  for  pure  sugars  so  that  solutions 
of  the  latter,  whether  mixed  with  water  or  a  sugar  syrup,  will  give  the 
correct  percentage  of  solids  either  by  specific  gravity  or  refractive  index. 

The  impurities,  however,  which  accompany  sugars  in  solution  in  mo- 
lasses, have  not  only  a  different  si)ecific  graAity  than  sugar,  but  also  a 
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different  contraction  co-efflclent,  so  tliat  the  solution  diluted  with  water 
shows  a  different  specific  gravity  or  refractive  index  than  that  calculated 
from  tables  for  pure  sugars. 

To  reduce  these  variations  of  contraction  to  the  minimum,  a  concen- 
trated pure  sugar  solution  is  used  as  a  dilutant.  Results  obtained  with 
some  cane  molasses  samples  show  the  error  that  is  introduced  by  the  water 
dilution  and  also  the  effect  of  the  sugar  dilution. 


8ample  No. 


Diluted  Half  With — 


Undiluted  MolaflflCfi. 


1 
2 
3 
4 
5 


Water. 


Siujar  Sol, 


80.57 
72.32 
77.92 
73.92 
82.05 


83.24 
72.94 
7K.44 
75.34 
84.44 


80  91 
72.21 
77.91 
73.81 
82.41 


In  the  undiluted  form  all  of  these  can  l>e  easily  read,  'llie  half  dilu- 
tion with  water  is  anywhere  from  M2%  to  2.7%  higher  than  undiluted 
while  the  half  dilution  with  sugar  solution  varies  from  0.0  to  0^^%. 

Tischtschenko  (Z.  des  Vereins  Dent.  Zuckerlnd.,  Feb.  1909,  103),  calls 

attention  to  this  possible  error  in  the  determination  and  recommends  the 

use  of  a   pure   sugar   solution.     Von    Lippman   corroborates   the   results 

(Deut.  Zuckerind.,  34,  1909,  401).     It  therefore  behooves  us  to  use  sugar 

solution  in  diluting  our  dark  colored  solution  in  preference  to  water.    The 

formula   for   calculating  the  dry   substance   when   using   a   concentrated 

sugar  solution  as  a  dilutant  is: 

(A+B)C  — BI> 
^-  A 

in  which  X=%  dry  substance  of  the  original  sample,  (A)  the  grams  of 

the  original  substance  mixed  with   (B)   the  grams  of  concentrated  pure 

sugar  solution,  (C)  the  %  dry  substance  of  the  mixture  obtained  from  Its 

refractive  index,  and  I>=  the  %  dry  substance  of  the  pure  sugar  solution 

obtained  from  its  refractive  index.     The  metliod  of  procedure  is  simply 

the  preparation  of  a  concentrated  granulated  sugar  solution  and  mixing  in 

a  small  beaker  a  weighed  quantity  of  this  with  a  weighed  quantity  of  the 

original  solution  or  sample,  and  taking  refractive  index  of  the  mixture. 
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Summnrizing  the  average  results,  we  find  that  the  ret'ractometer  dry 
substance  is  higher  than  tlie  true. 

PerCenU 

The  difference  iu  case  of  majtle  syrup   0.50 

The  difference  in  case  of  cane  syrup 0.29 

The  dlCTerence  in  case  of  honeys 1 .45 

The  difference  in  case  of  glucose   0.27 

The  difference  in  case  of  cane  molasses 0.79 

The  difference  In  case  of  beet  molasses 1 .08 

The  difference  in  case  of  beet  molasses  (half)   0.36 

With  the  exception  of  the  honej's  and  possibly  cane  molasses,  also 
l>eet  molasses  undiluted,  the  differences  are  well  within  the  error  of  deter- 
mination of  water  by  actual  drying.  By  half  dilution,  the  beet  molasses 
is  brought  within  the  limits,  and  where  dilution  with  sugar  solution  tried 
this  difference  would  be  cut  down  considerably.  Cane  molasses,  showing 
0.79%,  might  be  considered  within  the  limits,  as  a  true  moisture  content 
on  this  material  Is  a  difficult  task.  Honeys  are,  then,  the  only  ones  whose 
difference  is  large,  but  it  is  hoped  that  with  the  work  now  being  carried 
on,  the  reason  for  this  difference  will  be  obtained  and  a  method  for  pro- 
cedure be  established  for  this  grade  of  substan(*e.  However,  there  is  one 
thing  to  be  said  in  regard  to  the  refractometer,  that  it  is  iK)ssible  to  ob- 
tain duplicate  results  that  are  identical,  and  different  investigators  should 
obtain  identical  results,  which  is  a  condition  that  does  not  exist  with  the 
other  methods  for  dry  substance  determination  in  use  now.  The  refracto- 
meter method  has  the  advantage  of  being  quick  and  not  losing  accuracy 
by  speed,  and  then  only  small  portions  are  necessary  for  a  determination. 

The  method  of  making  a  dry  substance  determination  is  substantially 
this:  The  instrument  (Fig.  1)  is  placed' so  that  the  light  falls  on  the  mir- 
ror (R)  and  this  is  turned  on  its  axis  to  reflect  the  light  up  through  the 
prism  (B)  and  (A).  The  source  of  light  can  be  daylight,  but  a  better 
one  is  a  32  or  higher  candle  power  lamp.  The  tubular  (D)  is  connected 
by  rubber  tubing  to  the  source  of  water  suppiy  of  constant  temperature 
and  the  other  tubular  (E)  has  a  rubber  overflow  connection.  The  ther- 
mometer is  placeti  in  its  socket.  The  optical  parts  of  the  instrument  are 
turned  forward  on  the  stand  (a).  By  turning  the  catch  (V)  the  prism 
B  is  swung  oi)en  on  (C)  from  prism  (A)  and  a  few  drops  of  the  solution 
to  be  examined  is  placed  on  the  prism  (A).  Enough  of  the  solution  should 
be  added  so  that  on  closing  the  prism  (B)  on  (A)  a  part  of  the  liquid  is 
forced  out.    The  optical  parts  are  brought  l>ack  into  their  original  place. 
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Tbe  Rrm  cnrrjIiiK  the  iiiii^iillyiti);  glnm  (I.)  should  be  down  to  tbe 
1.:t  end  of  tlio  Hcnlp.  TJieii  l>y  loukii^  tlir»u;;h  the  eyepiece  (F).  fiH'u^ng 
(lie  cross- h II irH  Into  pliilii  view,  the  iinii  (I.)  1»  moved  tiutU  ii  bright  color 
!i|i|ieiirs  111  the  lower  hnlf  of  Ihe  fleld.     Ity  turning  the  milled  screw  (M) 


VIg.  I. 

iif  the  comtienwitor  the  Miie  of  color  Is  mnde  m.ire  distinct;  viz..  there  \a 
shnrpness  oC  line  dividin;;  the  light  nnd  the  dnrk  nelil.  By  moving  tlip 
iinn  fnrther  tills  line  Ih  liroiiBlit  up  to  ii  jiiiint  where  It  coincides  with  the 
lnter»ection  of  the  ci'<>)is-liiiirs.     At  this  imint.  the  Index  of  refrncthm  is 
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reaid  on  the  scale  (J).    At  the  same  time  the  temi^erature  is  read  ou  the 
tliermometer. 

The  instrument  should  be  tested  first  with  water  and  its  accuracy  es- 
tablished thereby :  Ref.  Ind.  of  water  at  20°  being  1.3330.  The  substance 
to  be  examined  should  be  at  about  the  same  temiierature  at  which  the 
readings  are  to  be  made.  Therefore  waiting  a  few  minutes  after  applying 
the  liquid  to  the  prism,  it  could  be  consideretl  that  this  is  at  the  same 
temperature. 

Tables  have  been  prepared  for  converting  the  refractometer  read- 
ings to  dry  substance  or  per  cent,  of  moisture.  To  some  of  these  pre- 
vious reference  has  been  made.  Hugh  Main,  in  the  International  Sugar 
Journal  of  1907,  Vol.  9,  page  4.*^!,  gives  a  table  covering  this.  The  readings 
are  to  be  made  at  20°  C.  Geerligs  has  published  a  table  also  for  dry 
subatance  from  the  refractive  index.  The  temperature  of  the  reading  is 
28°  C.  and  he  has  also  prepared  a  table  for  corrections  for  other  tem- 
Iieratures  than  28°.    These  are  now  given : 
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Oeerlig's   Table  for  Dry  Substance  in   Sugar-House   Products    by   Abbd 

Refractometer,  at  28°  C, 

(Intern.  Sugar  J.,  10,  69-70.) 


Index. 


Decimals. 


3335 

1 

3349 

2 

3364 

3 

3379 

4 

3394 

5 

3409 

6 

3424 

7 

3439 

8 

3454 

9 

3469 

10 

3484 

3500 

3516 

3530 

3546 

3562 

3578 

.3594 

.3611 

.3627 

3644 

.3661 

.3678 

3695 

3712 

3729 


3746 

.3764 

.3782 

.3800 

.3818 

3836 

3854 

3872 

.3890 

,3909 

.3928 

,3947 

3966 

3984 

4003 


4023 
4043 
4063 
4083 


0.0001  =  0.05 
0.0002-0.1 
0.0003  =  0.2 
0.0004=0.25 
0.0005-0.3 
0.0006-0.4 
0.0007  =  0.5 
0.0008-0.6 
0.0009=0  7 


0.0010= 
0.0011' 
0.0012- 
0.0013= 
0.0014= 
0.0015= 


0.75 

0.8 

0.8 

0.85 

0.9 

1.0 


11 
12 
13 
14 
15 


0 
0 
0 
0 
0 


16   0 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0001  = 

0002  = 

0003  = 

0004  = 
0005= 
0006= 
0007  = 
0008= 
0009= 
0010= 

0011  = 

0012  = 

0013  = 
0014« 
0015' 
0016" 


■0.05 
=  0.1 
=  0.2 
■0.25 
=  0.3 
=  0.4 
=  0  45 
=  0  5 
=  0.6 
0.65 
=  0  7 
0.75 
0.8 
=  0.85 
=  0.9 
0.95 


27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


0.0001 

0.0002' 

0.0003- 

0.0004 

0.0005= 

0.0006= 

0.0007 

0.0008= 

0.0009= 

0.0010= 

0.0011 


0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 

0.55 


0.0012 

0.0013- 

0.0014= 

0.0015= 

0.0016' 

0.0017= 

0.0018' 

0.0019' 

0.0020' 

0.0021= 


0  6 

0  65 

0.7 

0.75 

0.8 

0.85 

0.9 

0.95 

1.0 

1.0 


42 
43 
44 
45 


0.0001  =  0.05  I  0.0012  =  0.6 
0.0002-0.1     !  0.0013  =  0  65 
0.0003  =  0.15  I  0.0014  =  0  7 
0.0004  =  0.2        0.0015  =  0  75 


Index. 


t 

• 

J^ 

0^ 

3 

u 

d 

4-> 

a 

s 

6 

9 

& 

m 

Oh 

Decimals. 


1.4104 

46 

1.4124 

47 

1.4145 

48 

1.4166 

49 

1.4186 

50 

1.4207 

51 

1.4228 

52 

1.4249 

53 

1.4270 

54 

1.4292 
1.4314 
1.4337 
1 . 4359 
1.4382 
1 . 4405 
1.4428 
1.4451 
1.4474 
1.4497 
1 . 4520 
1.4543 
1.4567 
1.4591 
1.4615 
1.4639 
1.4663 
1.4687 

1  4711 
1.4736 
1.4761 
1.4786 
1.4811 
1.4836 
1.4862 
1.4888 
1.4914 
1.4940 
1.4966 
1.4992 
1.6019 
1  5046 
1.6073 
1  5100 
1.5127 
1.6155 


0.0005= 
0.0006= 
0.0007= 
0.0008= 
0.0009' 
0  0010' 
0.0011' 


0.26 

0.3 

0.35 

0.4 

0.45 

0.5 

0.56 


0.0016=0.8 

0.0017=0.85 

0.0018=0.9 

0.0019=0.95 

0.0020-1  0 

0.0021=1.0 


55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 


0.0001  = 

0  0002 

0.0003= 

0.0004= 

0.0005= 

0.0006- 

0.0007= 

0.0008= 

0.0009- 

0.0010- 

0.0011' 

0  0012= 


0.05 

0.1 

0.1 

0.15 

0.2 

0.26 

0.3 

0.36 

0.4 

0.46 

0.5 

0.6 


0.0013= 
0.0014= 
0.0015' 
0.0016' 
0.0017= 
0.0018' 
0.0019' 
0.0020' 
0.0021- 
0.0022= 
0.0023- 
0.0024 


0.56 
0.6 
0.66 
0.7 
0.75 
0  8 
0.85 
0.9 
0.9 
0.95 
1.0 
=  1.0 


73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
86 
86 
87 
88 
89 
90 


0.0001= 
0.0002= 
0.0003' 
0.0004- 
0.0005= 
0.0006' 
0.0007= 
0.0008- 
0.0009- 
0.0010= 
0.0011' 
0.0012- 
0.0013= 
0.0014= 


0  0 

0.05 

0.1 

0.15 

0.2 

0.2 

0.26 

0.3 

0.35 

0.36 

0.4 

0.46 

0.6 

0.5 


0  0016- 
0.0016- 
0.0017= 
0.0018' 
0.0019' 
0.0020= 
0.0021« 
0.0022' 
0.0023= 
0.0024« 
0.0025' 
0.0026= 
0.0027' 
0.0028- 


■0  55 
0  6 
0.66 
0.65 
0.7 
0  75 
0.8 
0.8 
0.85 
0.9 
0.9 
0.95 
10 
1.0 
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Table  of  Correciiaris  for  the  Temperature, 


Temperature 
of  the 
Prisms 
ta*C. 


20 
21 
22 
23 
24 
25 
26 
27 


Dry  Substance. 


Subtract. 


29 
30 
31 
32 
33 
34 
35 


0.53 

0.54 

0.55 

0.56 

0.57 

058 

0.60 

0.62 

0.64 

0.62 

0.61 

0.60 

0.46 

0.47 

0.48     0.49 

0.50 

0.51 

0.52 

0.54 

0.56 

0.54 

0.53 

0.52 

0.40 

0.41 

0.42 

0.42 

0.43 

0.44 

0.45 

0.47 

0.48 

0.47 

0.46 

0.45 

0.33 

0.33 

0.34 

0.35 

0.36 

0.37 

0.38 

0.39 

0.40 

0.39 

0.38 

0.38 

0.26 

0.26 

0.27 

0.28 

0.28 

0.29 

0.30 

0.31 

0.32 

0.31 

0.31 

0.30 

0.20 

0.20 

0.21 

0.21 

0.22 

0.22 

0.23 

0.23 

0.24 

0.23 

0.23 

0.23 

0.12 

0.12 

0.13 

0.14 

0.14 

0  14 

0.15 

0.15 

0.16 

0.16 

0.16 

0.15 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

Add. 


0.07 
0.12 
0.20 
0.26 
0.33 
0.40 
0.46 


0.07 

0.07 

0.12 

0.13 

0.20 

0.21 

0.26 

0.27 

0.33 

0.34 

0.41 

0.42 

0.47 

0.48 

0.07 
0.14 
0.21 
0.28 
0  35 
0.42 
0.49 


0.58 
0.50 
0.44 
0.38 
0.30 
0.22 
0.14 
0.07 


0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.14 

0.14 

0.15 

0.15 

0.16 

0.16 

0.16 

0.15 

0.22 

0.22 

0.23 

0.23 

0.24 

0.23 

0.23 

0.23 

0.28 

0.29 

0.30 

0.31 

0.32 

0.31 

0.31 

0.30 

0.36 

0.37 

0.38 

0.39 

0.40 

0.39 

0.38 

0.38 

0.43 

0.44 

0.45 

0.47 

0.48 

0.47 

0.46 

0.45 

0.50 

0.51 

0.52 

0.51  i  0.56 

0.54 

0.53 

0.52 

m^' 

m^ 

0.07 
0.14 
0.22 
0.30 
0.38 
0.44 
0.50 


Example:  Desired,  the  dry  substance  of  a  sample  whose  refractive 
index  is  1.4589  talcen  at  26°  temperature.  The  nearest  index  is  1.4567, 
which  equals  67%  then  1.4589  minus  1.4567  (the  nearest  value  in  the 
table  lower  than  it)  =.0022.  In  the  decimal  column  opposite  look  for 
.0022  and  one  finds  a  value  of  0.95.  So  the  reading  is  67.95  but  at  a  tem- 
perature of  26°  (from  the  table  of  corrections)  .16  must  be  subtracted 
or  the  correct  dry  substance  would  be  67.79.  In  like  manner  the  dry  sub- 
stance of  a  sample  with  a  refractive  index  of  1.5021  at  28°  C.  would  be 
85.05,  and  one  of  1.3802  at  28°  would  be  30.1,  and  one  of  1.3655  at  33°  C. 
would  be  22.06. 

Bureau  of  Chemistry, 
Pept.  of  Agriculture. 
Washington,  D.  C. 
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Conductivity  of  Certain  Salts  in  Ethyi.  Amine. 


By  Edward  G.  Mahin. 


The  conductivities  of  silver  nitrate,  lithium  chloride  an<l  auinionluni 
chloride  in  ethyl  amine  were  measured  by  Shinn,'  who  showed  that  the 
molecular  conductivities  change  with  dilution  in  an  unexi)ected  manner. 
In  the  case  of  silver  nitrate  the  molecular  conductivity  decreases  with 
dilution  until  V=75.15,  this  being  the  highest  dilution  usetl.  The  mole- 
cular conductivity  of  lithium  chloride  increases  with  dilution  until 
V=0.867,  then  decreases  until  V=21.08,  after  which  it  apparently  slightly 
increases.  The  molecular  conductivity  of  ammonium  chloride  decreases 
with  dilution  until  V=18.24,  after  which  it  increases.  These  facts  would 
not  seem  remarkable  were  it  not  for  the  concluding  wordfe  of  the  author's 
pai}er.    After  summarizing  the  results  of  his  experimental  work,  he  says: 

"From  the  standpoint  of  the  theory  of  electrolytic  dissociation  the 
electrical  behavior  of  solutions  in  primary  and  secondary  amines  and 
in  amides,  so  far  as  such  solutions  have  been  studied,  is  inexplicable. 
The  facts  that  for  one  and  the  same  solute  the  conductivities  of  solutions 
may  not  only  be  very  large  or  very  small,  but  may  increase  or  decrease 
with  dilution,  or  attain  maximum  or  minimum  values  depending  upon 
the  specific  nature  of  the  solvent,  suggest  that  the  role  of  the  solvent  in 
the  process  of  the  transmission  of  an  electric  current  througli  a  solution 
is,  in  all  probability,  a  very  active  ratlier  than  an  indifferent  one,  and 
does  not  materially  differ  from  that  of  the  solute.  In  such  event,  the 
prevalent  conception  of  *mole<Mdar  <»onductivlty'  becomes  not  only  mean- 
ingless, but  misleading." 

In  arriving  at  the  conclusions  here  indicated  it  would  seem  that  the 
author  has  overlooke<l  certain  facts  which  may  not  only  sen^e  to  explain 
the  apparent  departure  from  the  dilution  laws,  but  which  would  make 
this  departure  seem  inevitable.  It  has  long  been  known  that  the  aliphatic 
amines  are  strongly  basic  substances,  forming  simple  salts  analogous  to 
the  ammonium  salts,  as  well  as  complex  metallic  salts  which  are  ani- 
logons  to  those  where  hydrogen  of  the  ammonium  radicle  is  substituted 
by  a  metal.     Indee^l,  this  salt  formation  Is  to  be  expected  since  the  ali- 


'  J.  Phyg.  Ch..  //.  537. 
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phatic  primary  amines  are  members  of  a  series  of  mono-substituted  am- 
monias, of  which  the  basicity  Is  greater  than  that  of  the  mother  substance. 
Kohler*  isolated  a  salt  having  the  composition  represented  by  the 
formula  CjUBNIIj-UgCl.  Mtiller*  investigated  double  salts  of  ethyl  amine 
with  palladium,  Jorgensen'  those  with  platinum,  Carson  and  Norton* 
those  with  uranium,  Bailey'  with  vanadium,  Bonnefoi**  with  lithium 
chloride,  and  Hoffman  and  Marburg'  with  mercuric  chloride.  In  most 
cases  more  than  one  salt  was  produced  by  varying  the  proportions  of 
ethyl  amine  and  the  simple  salt  used.  Hoffman  and  Marburg  isolated  and 
studied  the  compounds  CzH^NH^ilgCl^,  (QH^NHJaHgCl,  and  CH.NH.HgCl. 
Bonnefoi  found  that  by  leading  the  vapor  of  ethyl  amine  over  dry  lithium 
chloride  various  double  salts  were  produced,  the  proportion  of  the  con- 
stituents depending  upon  the  temperatui*e.  The  following  compounds 
were  formed  under  the  conditions  indicated: 


Tejnp. 

Formula. 

Heat  of  Formation,  Calories. 

70° 

CjHiNHi  .LiCl 

+  13834 

58°-70° 

(CsHsNHs)^  .LiCl 

4-  24817 

)rd.  to  58° 

(CsHftNHs)3  .LiCl 

+  35387 

It  seems  probable,  in  the  light  of  these  facts,  that  at  still  lower  tem- 
peratures other  compounds  will  be  present,  having  a  still  higher  ratio 
of  ethyl  amine  to  the  original  sait;  this  should  be  particularly  true  with 
regard  to  solutions  in  liquid,  anhydrous  ethyl  amine.  In  other  words,  we 
are  here  dealing  with  an  application  of  the  mass  law,  where  the  tem- 
l)erature  and  mass  of  the  reacting  substances  are  to  be  considered  in  the 
attempt  to  solve  the  problem  regarding  the  composition  of  the  resulting 
compound.  We  should  exi)ect  that  any  solution  would  contain  several 
compounds  of  the  constituents,  having  a  certain  average  composition  which 
would  depend  upon  the  temi)erature  and  degree  of  dilution. 

Shinn*  tested,  in  an  approximate  but  not  quantitative  manner,  the  ac- 
tion of  ethyl  amine  upon  14  salts,  CDncerning  which  the  following  r^um^ 
is  here  given: 


» Ber.,  li,  2323. 

*Ann.,  86,  366. 

•J.  pr.  Ch..  (2)  S3,  517. 

*Ani.  Ch.  J.,  10,  220. 

■J.  Ch.  Soc,  45,  693. 

«  C.  r..  J  to,  1257. 

^  Ann,,  SOS,  191. 

*  Ix>c,  cit. 
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NH^Cl. . .   Very  soluble  with  evolution  of  ammonia. 

Ua Soluble. 

FeUs Slightly  soluble. 

SnClj Insoluble,  unchanged. 

CoCIj  ....  Reacts  with  evolution  of  heat,  forming  greenish  yellow  precipitate. 
PbBrj  ....  Reacts,  forming  white  precipitate  which  afterward  redissolves. 

KI   Insoluble,  unchanged. 

Cdit Reacts,  forming  white,  insoluble  precipitate. 

AgCX  . . .  .Slightly  soluble. 

Hg(CN)s.  .Slightly  soluble. 

AgNOs  . .  .Soluble  with  evolution  of  much  heat. 

NaNOs  . . .  Insoluble,  unchanged. 

Pb(N08)2.. Reacts,  forming  white,  insoluble  precipitate. 

It  Is  thus  seen  that,  in  all  cases  where  the  salt  dissolves  appreciably, 
there  is  evidence  of  chemical  action,  either  through  the  evolution  of  heat 
or  the  formation  of  a  precipitate,  or  both.  In  the  case  of  ammonium 
chloride  the  well  known  action  of  evolution  of  ammonia  was  observed. 
There  is,  therefore,  every  reason  for  expecting  that  complex  salts  will  be 
formed  in  every  case  excepting  the  last,  where  no  doubt  ethyl  amine 
hydrochloride  is  produced,  as  Shinn  has  pointed  out.  If  this  be  true,  the 
qnestion  still  remains  as  to  whether  the  reaction  is  complete  as  soon  as 
the  salt  is  all  in  solution,  so  that  henceforth  all  physical  properties 
will  be  those  of  a  solution  in  ethyl  amine  of  a  definite  double  or  complex 
salt,  changing  with  dilution  only  with  respect  to  the  degree  of  ionization. 
With  the  investigations  of  Hofmann  and  Marburg  and  of  Bonnefoi  in 
mind,  the  answer  to  this  question  would  certainly  be  negative.  We  should 
expect  that  the  ratio  of  ethyl  amine  to  simple  salt  combined  with  it  would 
not  only  change  with  lowering  of  temperature,  but  that  it  would  increase 
with  decreasing  concentration,  because  as  dilution  progresses  the  ratio 
of  amine  to  salt  in  solution  increases  If  the  conductivity  of  the  complex 
salt  is  much  less  than  that  of  the  simple  salt  the  change  in  molecular 
conductivity  with  change  In  concentration  would  be  the  resultant  of  two 
influences,  i.  e.,  change  in  ionization  and  change  in  complexity  of  the 
ions.  The  migration  velocity  of  a  complex  cation  containing  one  or  more 
molecules  of  ethyl  amine  could  not  be  very  high,  and  it  is  not  likely  that 
snch  a  compound  would  jx^ssess  a  very  high  degree  of  ionization.  This 
fact  wonld  then  result  in  a  more  or  less  gradual  tendency  toward  falling 
off  in  the  molecular  conductivity  with  increasing  dilution,  since  we  are 
actually  dealing  not  only  with  more  complex  compounds,  whose  loniza- 

[12-28003] 
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tlon  is  probably  less  than  that  of  the  simpler  ones,  but  also  with  more  com- 
plex ions,  whose  velocity  is  probably  less  than  that  of  the  simpler  ones. 
If,  however,  the  ionization  resulting  from  dilution  iJroceeds  at  a  greater 
rate  than  does  the  change  In  complexity,  increase  in  molecular  conductiv- 
ity would  then  be  the  rule.  This  actually  happens  for  a  certain  range  In 
the  case  of  lithium  chloride,  then  later  the  increasing  complexity  of  the 
ions  perhaps  gains  the  ascendancy  and  molecular  conductivity  decreases 
with  further  dilution.  The  effect  of  dilution  upon  molecular  conductivity 
will  necessarily  be  somewhat  complicated,  if  the  preceding  reasoning  is 
correct,  involving  at  least  the  following  changes:  (a)  Increase  in  mole- 
cular complexity,  through  increase  in  the  active  mass  of  ethyl  amine, 
(b)  change  (probably  decrease)  In  ionization  constant  because  of  increas- 
ing complexity,  (c)  increase  in  ionization  of  any  one  form,  since  at  any 
dilution  a  considerable  number  of  different  complexes  are  probably  pres- 
ent, and  (d)  probable  decrease  in  migration  velocity  on  account  of  in- 
creasing complexity  of  the  ions. 

This  would  seem  to  be  merely  another  special  case  of  the  influence 
of  solvate  formation  ui)on  conductivity,  and  such  influences  have  long  been 
known.  The  formation  of  hydrates,  for  example,  has  a  very  marked 
effect  upon  the  conductivity  and  upon  the  lowering  of  freezing  point  and 
vapor  pressure  of  aqueous  solutions. 

In  the  case  of  solutions  of  ammonium  chloride  in  ethyl  amine  it  is 
by  no  means  certain  that  the  entire  amount  of  salt  is  converted  at  once 
into  ethyl  amine  hydrochloride  when  brought  into  a  solution  of  any  con- 
centration. We  sliould  certainly  expect  that  equilibrium  will  result  when 
a  certain  amount  of  ammonium  chloride  remains  as  such  in  the  solution, 
this  amount  becoming  smaller  as  dilution  proceeds.  The  molecular  con- 
ductivity will  then  depend  upon  (a)  the  ratio  of  ethyl  amine  hydro- 
chloride to  ammonium  chloride,  (b)  tlie  relative  ionization  constants  of 
the  two  comi)ounds  and  (c)  the  relative  migration  velocities  of  the  two 
(or  more)  cations  involved. 

The  theory  of  electrolytic  dissociation  has  proven  of  so  great  value 
to  physical  chemistry  and  has  piloted  the  way  to  so  many  valuable  In- 
vestigations that  one  cannot  fail  to  realize  its  importance.  This  does  not 
mean  that  its  imi>erfe€tions  should  be  ignored  or  that  there  should  be  any 
cessation  in  the  search  for  facts  which  will  test  it  to  the  extreme.  But 
so  many  suppo.sed  ol»jections  have  been  urge<l  against  it  that,  on  closer 
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investigation,  liave  been  found  to  entirely  conform  to  tlie  theory  or  to 
require  only  minor  modifications,  that  we  hesitate  to  accept  such  a  sweep- 
ing statement  as  that  contained  in  Shinn's  imper.  The  facts  cited  do  not 
necessarily  conflict  with  the  theory — indeed,  they  would  seem  to  point  to 
the  truth  of  the  theory.  What  is  needed  is  more  experimental  evidence 
covering  these  points. 

Purdue  University, 
I^fayette.  Ind. 
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A  Study  OF  the  Chemical  Composition  of  Butter  Fat, 
AND  Its  Relation  to  the  Composition  of  Butter. 


By  O.  F.  Hunzikeb  and  George  Spitzer. 


summary  of  authentic  knowledge  of  the  composition 

of  butter  fat. 

Milk  fat  or  butter  fat  consists  of  triglycerides  of  fatty  acids.  The 
fatty  acids  of  butter  fat  are  monobasic  and  have  the  general  formula 
CnH2a  + 1  CO  OH,  except  oleic  acid,  which  is  a  non-saturated  acid  be- 
longing to  the  acrylic  series  with  the  general  formula  CnH2n-l  CX3  OH. 
The  triglycerides  of  butter  fat  do  not  exist  as  glycerides  of  one  fatty  acid, 
but  as  a  mixture  of  several  add  radicals  combined  with  glycerin.  Glyc- 
erin is  a  triatomic  alcohol,  CHgCOH),.  Theoretically,  therefore,  the  milk 
fat  could  contain  triglycerides  of  the  fatty  acids  present,  that  Is,  there 
could  be  trlbutyriu,  triolein,  tristearin,  etc.  In  reality  no  such  combination 
exists.  Just  in  what  order  the  triglycerides  are  present  has  not  been 
definitely  established.  The  acids  present  in  butter  fat  are  butyric,  caprolc, 
eapryllc,  capric,  Inuric.  myristic,  palmitic,  oleic  and  stearic. 

Bell'  holds  that  butter  fat  consists  of  mixed  glycerides,  glycerides  in 
the  molecule  of  which  the  glycerol  is  combined  with  three  different  acid 
radicals  forming  a  compound  having  the  following  composition : 

rOC4H70 
C8H6<^  OCieHsiO 
L0C18H88O 

This  theory  is  supported  by  the  fact  that  the  glycerol  forms  triacld 
compounds  and  not  compounds  of  one  acid,  which  theoretically  could  be 
possible.  If  the  glycerol  formed  monoacid  compounds,  butter  fat  would 
contain  glyceryl  trlbutyrates,  caproates,  stearates,  etc. 

SOLUBILITY  OF  BUTTER  FATS  IN  ALCOHOL. 

If  butter  fat  Is  dissolved  in  alcohol,  from  1.1  to  3.3  per  cent  of  the 
fat  goes  Into  solution,  the  solubility  depending  on  the  temperature  of  the 
alcohol.     If  trlbutyrln  existed  In  butter  fat.  all  of  the  tributyrln  would 


*  The  Chemistry  of  Foods,  Vol.  H,  page  44. 
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go  into  solution.^  Analyses  of  the  luirtion  soluble  in  alc?ohol  show  that 
this  is  not  the  case.  Tables  I  and  II  give  the  value  of  the  constants  as  de- 
termined for  the  portion  soluble  In  cold  alcohol,  the  iK)rtion  not  soluble 
in  cold  alcohol,  but  soluble  in  hot  alcohol,  and  the  portion  not  soluble  in 
either  hot  or  cold  alcohol. 

Table  I. 


! 

1  Portion 
Soluble 
in  Alcohol 
at20dcg.C 

"I 
Portion  Not 

Soluble  in 

Cold  Alcohol, 

but  Soluble 

in  Alcohol  at 

75  de«.  C. 

Portion  Not 
Soluble  in 
Either  Hot  or 
Cold  Alcohol 

• 

Reichert'Meiwl  Number 

48  1 

29.6 
Zl.bX. 
6.60% 

20.7 

Ifeltins  point 

16.9%'. 

36.0*C. 

Soluble  acids  (as  Hutyrir) 

1 
■    .':      9.79% 

426% 

Table  II. 

AT2(rC 

At  75'C. 

Solubility  of  butter  fat  in  03  %  alcohol . 

1.1% 

3.3% 

The  melting  point  of  the  i)ortiou  soluble  in  alcohol  at  20°  C.  is  lO.y*  C, 
while  that  of  the  portion  not  soluble  in  either  hot  or  cold  alcohol  is  36°  C. 
showing  a  difference  of  19.1°  C.  The  Ilei chert- Meissl  No.  In  the  portion 
soluble  in  alcohol  is  4S.1,  in  the  i>ortlon  not  soluble  In  alcohol  It  is  20.7, 
showing  a  difference  of  27.;{.  Since  only  1.1  i>er  cent  of  the  fat  is  soluble 
in  cold  alcdhol,  this  would  indicate  that  no  tributyrin  exists  in  butter  fat. 
This  fact  lieconies  still  more  evident  by  an  examination  of  the  molecular 
weight  of  (ho  glycerides  soluble  in  alcohol  and  (hose  not  soluble  in  alcoliol, 
as  calculated  from  llie  figures  iu  Talile  VII. 

'  (\K-hniii.  ".Xcdun  of  .Moohol  on  Butter  Fats,"  Aualyst,  Vol.  13,  pa^fo  .'>.''». 
Lowkowitsi'li.  "Oils,  Fats  and  Waxes,"  Vol.  II,  pago  67.%,  1009. 
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The  saponiflcation  of  ji  nemra.  ..-ii  yields  a  perfectly  defliilte  com- 
I)ound.  This  sjip^nificatlou  takes  place  according  to  the  following  reac- 
tion for  au  ester  with  three  molecules  of  acid  combined  with  the  radical 
of  a  trlhydric  alcohol : 

rRi 
CsHJ  Rt+3KOH  =  C3HA(OH)8+  K(RV-f-  Rj-h  Rs) 
Irs 

The  molecular  weight  of  the  triglyceride  is  calculated  as  follows: 
Determine  the  i)er  cent  of  KOH  required  to  saiwnify  the  fat,  and  divide 
the  molecular  weight  of  3(KOII)  by  the  i)er  cent  thus  obtainetl,  or  mul- 
tiply the  saponification  equivalent  by  three. 

Thus,  from  the  figures  in  Table  VII  the  saponification  eciulvalent  of 
the  portion  soluble  in  alcohol  was  found  to  be  216.5.  This  multiplied  by 
3  is  649.5.    This  equals  the  molecular  weight  of  the  triglyceride. 

The  saponification  equivalent  of  the  portion  not  soluble  in  alcohol 
was  found  to  be  260.9;  this  multiplied  by  3  equals  the  molecular  weight. 
782.7.  The  molecular  weight  of  butyrin  CjIIJCJI^O),  is  302,  while  the 
molecular  weight  of  the  triglycerides  of  the  soft  portion  is  649.5. 

The  fact  that  only  1  per  cent  of  the  butter  fat  was  dissolved  in  cold 
alcohol  shows  clearly  the  absence  of  trlbutyrln,  otherwise  the  per  cent 
of  alcohol-soluble  fat  would  be  higher.  The  soft  portion  must,  therefore, 
be  made  up  of  mixed  glycerides  of  the  acids  found  in  butter  fat,  the  acids 
having  a  low  melting  point  and  a  low  molecular  weight  predominating. 

FRA(mONAL    SEPARATION    OR    CRYSTALLIZATION    OF    BUTTER 

FATS. 

The  same  condition  presents  itself  if  butter  fat  la  subjected  to  frac- 
tional separation.  When  butter  fat  is  exposed  to  a  temperature  below  the 
melting  point  of  the  harder  glycerides,  the  softer  glycerides  separate  from 
the  harder  glycerides.  When  this  process  is  repeated  by  lowering  the 
temperature  after  each  separation,  a  separation  can  be  effected  whereby 
the  constants  differ  widely  from  the  original  mixed  glycerides.*  Table  III 
shows  the  variation  of  the  constants  of  the  fats  thus  separated.  The  but- 
ter used  In  this  experiment  was  made  In  March. 


»  Hichmond  I'afrj    Cliomlstry.   pago  37 
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Table  III. 

CnminmtiuH  of  Portions  of  the  Butter  Fat  Obtained  by  Fractional 

Reparation, 


Reidiert-MeiMl  Number. 


Iodine  number . 


Koetts.  nponification  number . 
Refractive  index  at  40°  C 


Melting  point . 


Per  cent  insoluble  tcids . 


Melting  point  of  insoluble  acids. 


Per  cent  soluble  acids  (as  butyric) . 


Koetts.  saponification  number  insoluble  acids 


Iodine  number  insoluble  acids. 


Original 
Butter  Fat. 


Soft  Portion. 


Hard  Portion. 


29.00 


3497 


229  5 


/Reading  44  1 


^ 


1  4552 


34°  G 


88.76 


40*0. 


5.80 


219.5 


37.36 


32.65 


42  10 


233.87 


26.74 
30  11 
228.8 


Reading  45  1     Reading  43.1 
1456  1.4546 


14.5°C. 


37. 3C. 


87.80      ,  80.47 

36.5°C.  42.5°C. 

I 
6.67      I  5.46 


221.35 


45  05 


218.8 


33.48 


Later  in  the  season  (in  May)  anotlier  sample  of  butter  was  treated 
similarly,  separating  tlie  liquid  from  tiie  solid  portions  of  the  fat,  and  the 
constants  were  determined  as  sliown  in  Table  IV. 
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Tabij.:  IV. 

('fnuiHiiiUUm  of  Portions  of  the  Butter  Fat  Obtained  hy  Fractitmal 

Separation. 


Original 
Butter  Fat. 

Soft  Portion. 

Hard  Portion. 

Reicbert-Meiflsl  number 

f 

30.00 

33.85 

24.66 

Iodine  number 

39  82 

43.55 

33  08 

KoetU.  saponification  number 

230.1 

232.78 

226.4 

Refractive  index  at  4(r  C 

[Reading  44 
\          1.4552 

Reading  44.8 
1  4558 

Reading  43 

1.4545 

...        »      J     .. . 
M eltioK  point 

32.6°C. 

iz.ra 

38.  rc. 

Po-  cent  insoluble  adds 

87.54 

88.67 

88.64 

Melting  point  insoluble  acids 

30.2°C. 

35.3°C. 

42.4°C. 

Per  eent  soluble  acids  (as  Butyric) 

6  00 

690 

5  17 

Koettfl.  nponification  number  insoluble  acids 

220.53 

221.6 

218.7 

Iodine  number  imoluble  acids 

42  14 

46.2 

35.66 

Per  cent  glycerin 

12.58 

12.80 

12.33 

Tables  III  and  IV  show  that  the  soft  i>ortioii8  contain  more  volatile 
or  soluble  acids,  also  a  greater  per  cent  of  oleic  acid  in  combination  with 
the  glycerol  base  than  the  hard  portions.  The  melting  point  of  the  soft 
portions  was  22.8*  C.  and  24.9°  C,  respectively,  lower  than  the  melting 
point  of  the  hard  portions. 

The  difference  in  the  melting  points  betw^een  the  soft  and  hard  portions 
of  the  insoluble  fatty  acids  was  not  as  great  as  that  of  the  soft  and  hard 
portion  of  the  glycerides  from  which  the  insoluble  acids  were  derived. 
The  reason  for  this  must  lie  in  the  fact  that  the  soluble  fatty  acids  have 
been  removed  and  that,  therefore,  the  melting  points  of  the  different  por- 
tions of  the  insoluble  fatty  acids  depend  almost  entirely  on  the  per  cent 
of  oleic  acid  i)resent. 

The  soft  portion  of  the  glycerides  is  made  up  of  a  higher  per  cent 
of  adds  with  a  lower  melting  point,  i.  e.,  oleic  and  soluble  acids.     The 
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soluble  acids  have  a  very  low  melting  point.  Therefore,  even  a  slight  in- 
crease in  tlie  per  cent  of  soluble  acids  must  cause  a  lowering  of  the  melt- 
ing point. 

Tables  V-A  and  V-B  show  a  comparison  of  the  iodine  number  of  the 
soft  and  hard  portions  of  the  glycerides  and  of  the  insoluble  acids  derived 
from  the  glycerides.  The  ioiline  number  of  the  soft  and  hard  portions  of 
the  insoluble  acids  is  higher  than  that  of  the  corresiMmdIng  portions  of 
the  glycerides  of  the  butter  fat.  nils  is  natural.  The  soluble  acids  and 
glycerin  have  been  removed  from  the  glycerides,  raising  the  i)er  cent,  of 
the  remaining  constituents  of  the  ins  ilublc  acids  above  that  in  the  glyc- 
erides. 

Table  V-A. 
fodinc  No.  of  Soft  and  Hard  Portions  of  Butter  Fat, 


Soft 

Portion 

Iodine 

Number. 

Hard 
Portion 

Iodine 
Number. 

30.11 

Soft 

Portico 

Percent 

Olein. 

Hard 

Portion 

Per  cent 

Olcin. 

Gain 

Iodine 

Number. 

Uain 

Per  cent 

Olein. 

Per  cent  Gain 
Olein  of  Soft 
Portion  Over 
Hard  Por- 
tion 

From  table  HI 

42.10 

48.83 

34.92 

11.90 

13.72 

39.31 

From  table  IV 

43.55 

33.08 

50.518 

38.37 

10.47 

12.148 

31.6 

Table  V-B. 
Iodine  Xo.  of  Ins<thiblc  Acids  of  Soft  and  Hard  Portions. 


Soft 

Portion 

Iodine 

Number. 

Hard 
Portion 

Iodine 
Number. 

Soft 

Portion 

Percent 

Olein. 

Hard 
Portion 
Percent 

Olein. 

Gain 
Iodine 
Number. 

Gain     . 
Percent 
Olein. 

Per  cent  Gain 
Olein  of  Soft 
Portion  0\'er 
Haid  Por- 
tion. 

From  tabic  III 45.05 

33.48 

52.25 

38.84 

11  57 

13.41 

34.5 

From  table  IV •        46.2 

1 

35.66           53.59 

1 

41  36 

10  54 

12.23              29.5 
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CONCERNING  THE  SOLUBLE  FATTY  ACIDS. 

Table  VI  shows  the  per  cent  of  soluble  fatty  acids  and  glycerin  in 
the  soft  and  hard  portions  of  butter  fat.  The  soft  portion  contained  2.06 
per  cent  more  soluble  acids  and  .56  per  cent  more  glycerin  than  the 
hard  portion,  as  obtained  from  data  in  Table  IV. 

Table  VI. 
Per  Cent  of  Soluble  Acids  and  Glycerin  in  Soft  and  Hard  Portions. 


Soft  Portion. 

Hard  Portion. 

Gain. 

Per  cent  soluble  acids 

8.23 

6.17 

2.06 

Per  cent  Glycerol 

12.89 

12  33 

.66 

The  soluble  acids  were  calculated  on  the  basis  of  a  mean  molecular 
weight  of  104.5.  This  molecular  weight  was  calculated  from  the  amount 
of  glycerides  of  the  soluble  acids  and  other  data  taken  from  Table  IV. 

The  glycerol  (C,Hb)  is  calculated  from  the  per  cent  of  soluble  acids, 
mean  molecular  weight  104.5.  From  this  calculation  the  per  cent  of  glyc- 
erin CjHj  (OH),  is  readily  determined. 

The  general  formula  for  one  molecule  of  a  triglyceride  is  C8HB(R)a. 
where  R  stands  for  mixed  acid  radicals  Ra--=104.5X.S=313.5;  allowing  for 
the  basic  hydrogen  C3n...=:58,  tlien  the  molecular  weight  of  the  triglyceride 

CHsCR),  is35L5. 

351.5  :  38  =  8.23  :  X 

X=.888%  O3H2 
From  tliese  results  the  per  cent  of  glycerin  is  calculated  as  follows,  the 

molecular  weight  of  glycerin  being  02 : 

38  :  92=  .888  :  X 

X  =  2.14 
This  is  the  per  cent  of  glycerin  combined  with  the  soluble  acids  of  the 
soft  portion. 

Likewise,  the  per  cent  of  the  glycerin  combined  with  the  soluble  acids 
of  the  hard  portion  is  calculated : 

351.5  :  38  =  6.17  :X 

X  =  .888%  C3H, 

38  :1)2  =  .666  :X 

X  =  1.61 
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This  is  the  i)er  cent  of  glycerin  combined  with  the  soluble  acids  of  the 
hard  portion. 

The  difference  between  the  i)er  cent  of  glycerin  combined  with  the 
per  cent  of  soluble  acids  of  the  soft  portion  and  the  per  cent  of  glycerin 
combined  with  the  per  cent  soluble  acids  of  the  hard  portion,  then,  is 
2.14 — 1.61=.53%.  This  agrees  closely  with  the  difference  of  the  glycerin 
between  hard  and  soft  portions  as  shown  by  analyses.     (See  Table  VI.) 

The  per  cent  of  glycerin  combined  with  the  Insoluble  acids  is  nearly 
the  same  in  both  soft  and  hard  portions,  because  the  per  cent  of  In- 
soluble adds  In  the  soft  and  hard  portions  differs  very  little.  Also  the 
variation  in  the  composition  of  the  insoluble  acids  would  not  materially 
affect  the  molecular  weight.  Therefore,  it  is  reasonable  to  expect  that 
nearly  the  same  per  cent  of  glycerin  is  combined  with  the  insoluble  acids 
of  both  the  soft  and  the  hard  portions. 
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RELATION  OF  COMPOSITION  OF  BUTTER  FAT  SOLUBLE  AND  IN- 
SOLUBLE  IN  ALCOHOL  TO  COMPOSITION   OF   SOFT  AND 
HARD  PORTIONS  OF  FAT  OBTAINED  BY  FRAC- 
TIONAL SEPARATION. 

A  comparison  of  the  constants  of  the  soft  and  hard  portions  with  the 
constants  of  the  fats  soluble  and  insoluble  in  alcohol  shows  a  close  relation. 
The  results  are  summarized  in  Table  VII. 

Table  VII. 

Showing  the  Variation  of  the  Constants  of  the  Soluble  and  Insoluble  Por- 
tions in  Alcohol,  Also  of  the  Soft  and  Hard  Portions  of  But- 
ter Fat  Taken  for  the  Extferiment, 


A 

B 

Alcohol- 
Soluble 
Portion. 

Alcohol— 
Inaoluble 
Portion. 

Original 

Butter 

F^t. 

Soft 
Portion. 

Hani 
Pwtion. 

Original 

Butter 

F^t. 

Rciehert>lfeaBl  numb^ 

48.1 

20.7 

27.70 

33.85 

24.66 

30.00 

MHtiqir  point 

16.9T. 

36 /»C. 

33.5»C. 

13.2^ 

38.1^ 

32.8^ 

Iodine  number  . .   

34.07 

30.75 

37.63 

43.55 

33.08 

30.82 

Kocttf.  fltponifiottion  number 

250  14 

215.06 

227.4 

232.78 

2264 

230.1 

^pontfioition  equiralent 

216.5 

260.0 

246.70 

241.1 

248.3 

244.0 

Rc6ietmiiidcxat40>C 'j 

I 

Reading 
42.7 
1.4543 

Reading 
46.6 
1.4563 

Reading 
44.4 
1.4555 

Reading 
44.8 
1.4558 

Reading 
43 
1.4645 

Reading 
44 
1.4652 

PtT  oeot  eohible  adds  (as  Butyric) 

0.792 

4.26 

6.60 

6.00 

5.17 

6.00 

These  data  give  the  eompostionof  the  portions  of  fat  soluble  in  alcohol  and  of  the  (uiginal  butter  fat;  also  th^ 
composition  of  the  soft  and  hard  pwtions  of  butter  fat  separated  by  fractional  erystalUntion  and  of  the  originai 
butter  fat.  The  sami^  A  and  B  of  butter  fat  used  for  the  two  experiments  were  not  taken  from  the  same  lot 
of  batter 

The  Reichert-Meissl  No.  is  distinctly  higher  in  the  fat  soluble  in 
alcohol  and  in  the  fat  of  the  soft  portion,  than  it  is  in  the  fat  insoluble 
in  alcohol  and  in  the  fat  of  the  hard  portion,  as  well  as  in  the  original  fat. 

The  melting  point  is  lowest  in  both  the  fnt  soluble  in  alcohol  and  in 
the  fat  of  the  soft  portion. 
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On  the  other  hand,  the  iodine  number  Is  lowest  in  the  fat  soluble  in 
alcohol  and  highest  in  the  fat  of  the  soft  portion. 

The  figures  in  the  above  table  show  the  influence  of  the  constants  ou 
the  melting  point  of  butter  fat  The  portion  of  fat  insoluble  in  alcohol 
and  the  original  fat  from  which  the  above  portion  was  taken  show  a  de- 
cidedly higher  iodine  number  than  the  portion  soluble  in  alcohol.  If  the 
melting  point  depended  solely  on  the  iodine  number,  the  melting  point  of 
the  fat  insoluble  in  alcohol  and  of  the  original  butter  fat  would  be  dis- 
tinctly lower  than  the  melting  point  of  the  portion  soluble  in  alcohol. 
Table  VII  shows  that  this  is  not  the  case.  The  melting  point  of  the  iwr- 
tion  insoluble  in  alcohol  and  of  the  original  butter  fat  is  a  great  deal 
higher  (19.1°  C.  and  16.6**  C,  respectively,  higher)  than  the  melting  point  of 
the  fat  soluble  in  aJcohol.  The  only  factor  to  which  this  fact  can  be  attrib- 
uted is  the  high  Reicbert-Meissl  No.  in  the  case  of  the  fat  soluble  in 
alcohol,  as  compared  with  the  low  Reichert-Melssl  No.  of  the  fat  Insoluble 
in  alcohol  and  of  the  original  butter  fat  These  results  make  it  perfectly 
clear  that  the  softness  or  hardness  (melting  point)  of  butter  fat  is  de- 
pendent to  a  great  degree  on  the  per  cent  of  soluble  fatty  acids  present. 

This  table  further  shows,  as  stated  in  the  previous  chapters,-  that 
butter  fat  Is  a  mixture  of  triglycerides  of  different  fatty  acids.  The  soft 
portion  is  the  result  of  mechanical  separatioji  at  different  temperatures. 
It,  therefore,  c*on tains  more  glycerldes  combined  with  acids  of  low  melting 
points  including  oleic  and  soluble  acids.  Furthermore,  the  fat  soluble  in 
alcohol  represents  glj-cerldes  of  acids  soluble  In  alcohol.  Since  it  is  known 
that  some  of  the  glycerldes  of  the  soluble  acids  are  soluble  In  alcohol, 
we  can  assume  that  some  of  the  molecules  in  butter  fat  are  made  up  of  the 
glycerldes  containing  a  larger  proportion  of  the  soluble  acids  than  others. 

('ONOITIONS  AFFKC^TINO  THE  COMPOSITION  OF  BIH^ER  FAT. 

The  composition  of  butter  fat  varies  with  the  season  of  the  year.  A 
series  of  analyses  of  butter  fat  of  butter  made  during  each  of  the  twelve 
months  of  the  year,  yielded  the  results  summarized  in  Table  VIII. 

The  results  in  Table  VIII  show  that  the  Reichert-Melssl  number  was 
lowest  in  October,  increasing  steadily  until  it  reached  its  maximum  in 
March.  After  March  It  dropped  abruptly,  holding  about  its  own  till  July, 
then  taking  a  second  drop  and  declining  slightly  toward  Octol>er. 
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Table  VI 11. 
Effect  of  the  Season  of  Year  on  the  Composition  of  Butter  Fat. 


Reichert 

Meml 

Number. 

Iodine 
Number. 

Melting 
Point. 

Juiuuy 

90.03 

31.20 

33.4«  C. 

FcAmjsry 

30.58 

31  97 

33.5*  C. 

Mairh 

31.30 

31.94 

33.5*  C. 

April 

20.35 

35.83 

33  3*  C. 

Mftv  

29.55 

36.48 

32.5*  C. 

June  .                                            

29.56 

38.23 

32.45*  C. 

Juhr 

28.90 

37.10 

31.9°  C. 

AugOBt 

27.13 

38.99 

32.  rc. 

Septonber 

27.19 

35.36 

33.0*  C. 

October 

26.54 

34.27 

33.2*C. 

Korember 

28.36 

30.65 

33  4*  C. 

I^eceoiber 

29.62 

30.30 

33.6*  C. 

The  Iodine  number  was  lowest  In  December,  increasing  slightly  toward 
and  including  March;  rising  abruptly  in  April  and  amtinulng  to  rise  up  to 
jind  including  June,  then  gradually  declining  toward  October  and  dropping 
suddenly  in  November,  followed  by  a  slight  drop  in  December. 

The  melting  point  followed,  in  general,  the  Iodine  number  reversedly. 
It  was  lowest  in  mid-summer  when  the  Iodine  number  was  highest,  and  it 
reached  its  maximum  in  December,  when  the  Iodine  numl)er  was  lowest. 
The  variations  of  the  melting  point,  however,  were  not  so  abrupt  as  those  of 
the  Iodine  number.  A  careful  study  of  Tal)le  VIII  suggests  that,  at  times, 
the  variations  In  the  melting  i)oint  may  have  been  Influenced  strongly  by 
the  Reichert-Meissl  niiml>er. 

Experimental  data  produced  in  this  country  and  abroad  show  unmis- 
takably that  the  feed  which  the  cows  receive  influences  the  per  cent  of 
olein  in  butter.     Such  feeds  as  cottonseed  meal,  bran,  corn,  overripe  dry 
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fodders,  etc.,  when  fed  in  excess,  tend  to  decrease  the  i>er  cent  of  oleln. 
while  linseed  meal,  gluten  feeds,  succulent  pasture  grasses,  etc.,  are  con- 
ducive of  raising  the  per  cent  of  olein. 

The  volatile  fatty  acids  do  not  seem  to  be  appreciably  affected  by 
the  feed  the  cows  receive.  They  are  influenced,  however,  by  the  period 
of  lactation  as  shown  in  Tables  IX  and  X.^ 

Table  IX. 


Shoicing  (he  Effect  of  the  Period  of  Lactation  on  the  Milk  Fats. 


Tn». 

Reichert- 

Mdasl 
Number. 

Soluble 
Acids. 

Insoluble 
Adds. 

Isi  montii 

3241 

7.30 

87  26 

3d  monili 

20.48 

7.07 

87.00 

3d  montli 

20.05 

708 

87.00 

4th  month 

20.07 

7.11 

87.72 

5th  month 

20.56 

7.00 

87.72 

0th  montii 

20.21 

6.82 

88  10 

• 

7th  month 

28.06 

6.45 

88.4 

8th  month 

25  32 

5.84 

88.6 

0th  month 

25.45 

6.01 

88.5 

lOth  month 

27.45 

6  26 

88  1 

1  Hunzlker,  Proceedings  of  the  Indiana  Academy  of  Science,  1908,  page  144. 
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Table  X. 
Showing  Effect  of  the  Period  of  Lactation  on  the  Milk  Faftf. 


Time. 

Reichcrt- 

MeisBl 
Number. 

Soluble 

Acids. 

Per  Cent. 

Insoluble 

Acids. 

Per  Cent. 

Irt  month 

36  68 

8  20 

86.76 

2d  month   

35  75 

800 

86.74 

3d  month 

33.19 

7.59 

86.99 

4th  month 

33  80 

756 

86.95 

5th  month 

33.63 

747 
7  55 

87.10 

6th  month 

33  57 

86.94 

7th  month 

32  72 

7  49 

86.99 

8th  month 

31.63 

7.25 

87.41 

9th  DHMlth 

31  98 

7.10 

87.50 

10th  month 

32.03 

7  12 

87.46 

11th  month 

26.64 

650 

88.20 

12th  month 

30.48 

8. £6 

87.69 

The  data  in  Tables  IX  and  X  represent  results  of  experiments  with  three  cows  whose  period  of  lactation  com- 
meneed  in  October  and  November  respectivel>'.  They  were  fed  on  a  uniform  ration  throughout  the  entire  period 
of  lactation  with  the  exception  that  in  July  (the  9th  month  after  calving)  they  were  turned  out  on  pasture. 

The  above  tables  clearly  show  that  the  soluble  fatty  acids  are  highest 
immediately  after  parturition,  or  at  the  beginning  of  the  period  of  lacta- 
tion. Slight  irregularities  excepted,  they  decreased  as  the  period  of  lac- 
tation advanced  and  were  lowest  toward  the  close  of  the  period  of  lacta- 
tion. 

It  so  happens  that  in  most  localities  the  majority  of  the  cows  drop 
their  calves  in  late  spring,  at  a  time  when  they  also  change  from  dry 
feed  to  succulent  pasture.  This  explains  why  in  early  summer  both  the 
per  cent  of  volatile  fatty  acids  and  the  per  cent  of  oleic  acids  increase 
and  the  melting  point  decreases. 


[  13—28008] 
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UKLATION   OF  COMTOSITION   OF   lUTlTFU   FAT  TO   i'OMrOSITIOX 

oi'  r.r'iTKu. 

Durinjj  late  spriiijr  antl  oaiiy  snmnier,  at  a  tiiiio  when,  as  shown  above, 
the  Iteichert-Melssl  uumber  and  tlie  lodhie  nunil)er  are  liij?h  and  the  melt- 
ing? pohit  is  low.  the  hutter- maker  exiierienc-es  usually  considerable  ditti- 
culty  in  manufaeturini:  butter  with  a  reastuiably  low  moisture  content.  This 
coincidence  has  su.t;jrestcd  to  the  writers  that  there  may  be  a  more  or  less 
intimate  relation  betweu  the  meltiujr  iM)int  of  the  butter  fats  and  their 
])ower  to  absorb  water  durhi^  the  process  of  butter-malvinj;.  A  series  of 
experiments  was.  therefore.  (()n<luctcd  bearin;^  on  this  point.  The  results 
are  shown  in  Tai)le  XI. 

Table  XI. 
Per  Vent  of  Moisture  Uvtulnvtl  Un  Soft  and  Hard  Fats  (Inirncd  Scparatclif. 


. — 

Per  Cent  Water. 

Per  Cent 
Intnaise 

Soft  Fats. 

1 

Hard  Fats 

of  Soft 
Over  Hard 

Miiroh  butter     . 

1 
43  84 

50  62 

24  76 

77.02 

May  butter  . . . 

24.78 
24.77 

104.28 

Average. . . 

47.23 

1 

00.65 

Tal)le  XI  covers  exi>eriments  in  which  soft  and  hard  portions  of  but- 
ter fat  (butter  fat  with  a  low  and  a  hi^h  melting  point)  were  separated 
from  one  another  by  fractional  crystallization  of  the  fats  and  by  pressure. 
The  soft  and  hard  i)ortions  were  churned  separately  under  identical  con- 
ditions, addinjx  the  same  auKmnt  of  water  to  each  churning  and  churning 
at  the  same  temperature. 

Twelve  8ei)arate  churnings  were  made  each,  the  March  butter  and 
the  May  butter.  In  the  March  butter  the  per  cent  increase  of  the  mois- 
ture of  the  soft  fats  over  that  of  the  hard  fats  was  77.02.  In  the  May  but- 
ter the  per  cent  increase  of  the  moisture  of  the  soft  fats  over  that  of  the 
hard  fats  was  104.2s.  These  figures  unmistakably  show  that  tlie  soft  fats 
are  capable  of  taking  up  a  great  deal  more  moisture  than  the  hard  fats. 
They,  therefore,  can   leave  little  doubt   that  the  material   increase  in  the 
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moisture  content  of  butter  made  in  early  summer  is  due  to  tlie  increase  in 
tlie  soft  fata  it  eontains. 

Tlie  moisturo-retaininj;  jn-operty  of  tiie  fats  is  largely  dependent  on 
their  meltinj;  iM>int.  Tlie  lower  (lie  meltinj;:  jioinl,  the  j^realer  is  their 
lK)wer  to  mix  with  and  retain  water.  Since  the  jjlyeeri<les  of  the  oleic 
and  soluble  fatty  acids  have  a  h)w  meltinj?  point,  it  is  reasonable  that 
any  Increase  in  the  per  cent  of  these  glycerides  tends  to  increase  the 
water-i-etaining  lu'operties  of  the  Imtter. 

Dairy  Department, 

Purdue  Ex|)erimejU  Station. 
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On  a  New  Complex  Copper  Cyanogen  Compound. 


By   A.   R.    MiDDLETON. 


(Preliminary  Note.) 

When  a  cold  concentrated  solution  of  KCN  Is  added  to  a  cold  con- 
centrated solution  of  cupric  chloride  or  sulphate,  but  not  nitrate,  greenish 
brown  cupric  cyanide  Is  precipitated;  the  precipitate  dissolves  on  fur- 
ther addition  of  KCN  with  formation  of  a  claret  red  to  violet  red  com- 
pound, much  resembling  potassium  permanganate  solution.  Further  addi- 
tion of  KCN  destroys  the  color,  with  precipitation  of  white  cuprous  cyan- 
ide (presumably),  which  then  dissolves  in  excess  of  KCN.  First  addition 
of  concentrated  cupric  salt  solution,  or  the  solid  salt,  to  concentrated 
KCN  solution  produces  a  brilliant  violet  color,  instantly  destroyed  by  fur- 
ther addition  and  quickly  disappearing  on  standing.  Further  additions 
of  copper  salt  give  the  red  compound,  provided  the  solution  is  kept  nearly 
at  0** ;  otherwfbe  cyanogen  is  evolved  and  the  red  compound  is  not  formed. 
If  the  solutions  are  too  concentrated  or  too  dilute,  the  red  compound  Is 
not  formed.  Solutions  about  one-half  saturated  appear  to  give  the  com- 
pound most  readily  and  in  largest  amount. 

Search  through  the  available  literature  has  revealed  no  reference  to 
such  a  compound.    It  is  quite  unstable,  decomposing  to  a  brown  solution 
on  standing  in  a  warm  room  over  night;    Is  instantly  decomposed  by 
strong  and  weak  acids  and  bases  and  by  pyridine;   soluble  in  alcohol,  but 
insoluble  in  chloroform,  ether,  benzene,  toluene  and  carbon  tetrachloride. 
Attempts  to  crystallize  out  the  compound  are  in  progress,  and  at  the  time 
of  writing  appear  promising.     The  method  pursued  is  as  follows:     Solid 
CuC1^2H^  was  added  in  small  amounts  to  KCN  solution  about  one-half 
saturated,  with  constant  shaking  in  ice  water.    After  the  red  color  reached 
a  maximum,  the  solution  was  filtered,  three  volumes  of  95%  alcohol  added 
and  placed  in  the  icebox  in  an  exhausted  desiccator.    After  24  hours  white 
opalescent  scales  separated,  which,  after  washing  with  alcohol  and  ether 
and  drying,  present  a  metallic  appearance  somewhat  resembling  tinfoil. 
These  contain  copper  and  may  be  cuprous  cyanide.    The  solution  retained 
Its  red  color  unchanged  and  it  is  hoped  that  the  conijiound  can  be  crystal- 
lized out  in  form  suitable  for  analysis. 

Purdue  University, 
TAfayette,  Ind. 
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Detekmination  of  Endothermig  Gases  by  Combustion. 


By  a.  U.  Middi.£ton. 


Eudo thermic  gases  such  as  ethylene  and  acetylene,  even  when  mixed 
with  sufficient  air  to  form  an  explosive  mixture,  may  l>e  accurately  and 
siifel3'  determined  hy  comlmstion  in  a  gas  pipette  provided  the  following 
conditions  are  observed:  (1)  Presence  of  a  considerable  excess  of  oxygen; 
(2)  admixture  with  an  exothermic  gas;  (,S)  slow  admission  of  the  com- 
bustible gases  to  the  combustion  pii)ette;  (4)  application  of  heat  from 
below  on  the  entering  c^ombustible  gases;  (5)  reduced  pressure.  These 
tx>ndltions  are  secured  by  using  a  Winkler-Dennis  gas  combustion  pipette, 
tbe  platinum  spiral  being  placed  as  near  the  juncture  of  the  capillary 
with  the  piiiette  as  i>os8ible  without  endangering  the  glass;  mixing  the 
eiidothermic  gases  with  (me  to  two  volumes  of  pure  hydrogen ;  and  slowly 
lesidiug  this  nuxture  Into  oxygen  instead  of  the  reverse  as  is  usually  done 
in  combusti(m  of  the  methane  and  hydrogen  of  illuminating  gas. 

The  combustion  is  carried  out  as  follows:  The  hydrogen  used  as  a 
diluent  is  generated  in  a  Hemiiel  hydrogen  pipette  from  zinc  free  from 
rarbon ;  the  re<iuisite  quantity  is  drawn  into  a  burette,  measured  and 
transferred  to  a  mercury  i>ipette;  a  measured  volume  of  acetylene  or 
ethylene  is  then  driven  over  into  the  hydrogen  and  the  gases  thus  mixed 
drawn  back  into  the  burette.  About  10  cc.  more  than  the  theoretical 
amount  of  oxygen  re(iuired  for  the  c<mibustion  is  measured  and  trans- 
ferred to  the  combustion  pipette.  The  burette  containing  the  mixed  com- 
Imstlble  gases  over  mercury  is  connecteil  with  the  pipette  and  the  level 
bulb  of  the  latter  so  i>laced  that  the  oxygen  in  the  pi|)ette  is  under  a  re- 
duced pressure  of  one  or  two  centimeters  of  mercury.  The  current  Is  then 
turned  on  and  the  resistance  so  adjusted  that  the  spiral  is  maintained  at 
a  bright  red  heat.  The  pInch-cock  on  the  rubber  connection  of  the  burette 
with  the  capillary  arm  of  the  pii)ette  is  opened;  the  expansion  of  the 
oxygen  by  the  heat  from  the  spiral  apiiroximatcly  balances  the  rcduc<»d 
pressure  and  little  or  no  gas  enters  the  pipette  on  opening  tlie  pinch-cock. 
The  s<-rew  pinch-cock  on  the  conne<'ting  lube  of  tlie  burette  and  its  level- 
ing tulK?  is  then  slightly  opened  and  so  adjusted  that  the  flow  of  gas  into 
tbe  pipette  is  about  2  cc.  per  minute.     After  proper  adjustment  Is  effected 
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the  apparatus  requires  no  further  attention  until  the  combustion  is  ended. 

If  the  inflow  of  combustible  gases  much  exceeds  the  rate  prescribed, 
a  series  of  smali  explosions  is  liltely  to  occur  at  the  juncture  of  the  capil- 
lary side-arm  with  the  pipette,  traces  of  carbon  deposition  are  evident  and 
the  results  are  slightly  low. 

Some  analyses  of  acetylene  and  explosive  mixtures  of  acetylene  with 
air  are  appended : 


Exp.  No. 

CjHj,  cc 

1 

20.0 

2 

10.0 

3 

2.0 

4 

30.0 

5 

30.0 

6 

15.0 

7 

15.0 

8 

10.2 

Explosive  mixtures  of  air  and  acetylene: 


1 
2 


15.0 

300 

60.6 

35.2 

13  4 

21.8 

15.3 

30.0 

51.0 

34.6 

12.5 

22.1 

Res.  CO. 

After 
KOHcc 

COj,  cc. 

Oj  Con- 
sumed, oc. 

C2Hs.  %. 

55.0 

15.0 

40.0 

65.0 

100.0 

34.3 

34.2 

20  1 

40.0 

100.5 

26  8 

22.8 

4.0 

29.8 

100.0 

70.3 

10  8 

59.5 

892 

99.2 

77.8 

18  4 

59.4 

81.6 

99.0 

46.6 

16.6 

30.0 

524 

1000 

47.4 

17  4 

30.0 

52.6 

100.0 

33.4 

13.0 

204 

37.9 

1000 

Absorption  by  fuming  sulphuric  acid  gave  72.0%  and  72.3%., 

Purdue  University, 
Lafayette,  Ind. 


72.6 
72  2 
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Methods  in  Solid  Analytics. 


By  Arthur  S.  Hathaway. 


Define  the  "vector"  [A,  A:,  m]  as  the  carrier  of  the  point  (a-,  y,  z)  =  P,  to  the 
point  (x  -f  A,  y-j- A;,  2-\-m)=:.Qj  and  show  that  the  distance  and  direction  cosines 
of  the  displacement  PQ  are  given  by  functions  of  the  vector  called  its  teiiHor  and 

unit,    r[A,  it,  w]  =  ^(A*  -h  ^•*  -f  m*  )  =  n,   r7[A,  A-,  m]  =  [h/u,  kin,  m/nl 

Interpret  the  sum  [A,  k,  «i]  -|-  [A^,  k\  i/i^]  =  [A  -|-  h\  k  -\-  k^,  wi  +  m^]  as  a 
resultant  displacement,  PQ -{-  §i2  =  PJ?,  and  the  product  /t[A,  Jt,  m]  ==  [nA,  wX-, 7tw  |, 
aH  a  repetition  of  the  displacement. 

Define  the  linear  functions  of  Q^l^iyjz]  as  the  "seal ars"  or  ** vectors"  whose 
values  or  components  are  linear  homogeneous  functions  of  the  components  of  g, 
such  as  ax  -|-  6y  +  «,  etc.  Hence,  for  a  linear  function  Fg,  F{g -{-  r)  =  Fg-{-  Fr, 
nFq  =  F(ng), 

Hence,  for  a  bi-linear  function  Fgr,  F{ag  -\-  a^g^y  hr  -f-  l/r^)  =  abFgr  -\- 
cd/FqT'  +  afhFg'r  +  a'WFg'T', 

A  special  scalar  and  vector  bilinear  function  oi  g-^^  [t,  y,  2],  g'  =  [a^,  y^,  z^] 

are  defined. 

Sgg^=  xx'-\-  yy'-^  z/^^Sg'g. 

Vgg^=  [y/—  2/,  zx"^  •xs^,  x/—  yx']  =  —  Vg'g. 

If  6  be  the  angle  between  the  displacements  </,  g^,  these  functions  are  inter- 
preted as, 

Sgg^^Tg.Tg^.  cosO.  TVgg^=Tg  .Tg^.  sinG;  and  Vgg^  is  a  displace- 
ment perpendicular  to  both  g  and  g\  in  the  same  sense  as  the  axis  OZ  is  per- 
pendicnlar  to  OX  and  OF,  i,  e,,  on  one  side  or  the  other  of  the  plane  XOY. 

The  use  of  this  material  is  illustrated  in  the  following  examples^: 

^  =  (2,  3,-1), -B=  (3,  5,  1),  C=(8,  5,  2),  i)=(5,  7,  11). 

1.  Find  the  lengths  and  direction  cosines  of  AB,  ACy  AD. 

Ans.     TAB  — Sy  UAB  =[i,i,il  etc, 

2.  Findcos^AO.    Ans.    SUABUAC=\i' 

3.  Find  area  of  ABC  and  volume  of  ABCD, 

Ans.     i  TVABAC=  i  185,  i  SADVABAC=  — 13. 

4.  Find  the  cosine  of  the  diedral  angle  C — AB  —  D. 

Ans,     SUVABACUVABAD  =       ~^ 


37V  10 
5.     Find  the  sine  of  the  angle  between  AD  and  the  plane  ABC. 

Ans.     SUADUVABAC=-    zr^. 

V 
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r».     Find  the  projection  of  AH  on  CI>  and  ilie  distance  between  them. 

19  78 

Ans.     SAliV<l)=  — — -,  SADrVABCJ)-  ——-. 

V/  94  l/48:» 

7.  Find  the  equation  of  the  line  AH. 

X  — 2       V— 3      z-l-1 

Ans.     AP=tAB,  or =r* = (  -  t  ). 

1  2  2 

8.  Find  the  equation  of  the  plane  AliC. 

Ans.     SAPVAIiA('=  2x  +  JK  —  l()z  -  41  =0. 
(a)  The  distance  from  this  plane  to  (jr\  /,  O  is  SAP^UVABAC,  or 

J2x'-M).i/-- U)2^--4n  . 
V  18.') 

9.  The  vector  whose  tensor  and  components  are  the  moments  oi  AB  about 
C'and  about  axes  through  ('  parallel  to  OX,  OY,  OZ,  is  VCAAB  =  [2j  9,-10]. 

10.  The  work  done  by  CD  in  making  the  displacement  AB  is  SABCD'='[9. 

Rose  Polytechnic  Institute, 
Terre  Haute,  Ind. 
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Motion  of  N  Bodies. 


By  Arthur  S.  Hathaway. 


The  relative  motion  of  n  bodies,  in  any  order  of  space,  and  subject  to  any 
law  of  mutual  action,  is  given  by 

(1)  ii  =  ^ 

where  ^  is  a  matrix  which  transforms  n  determining  points  of  a  reference  space 
of  order  n  —  1  into  the  positions  of  the  n  bodies,  and  tt  is  a  self-conjugate 
matrix,  depending  solely  upon  the  ratios  of  the  mutual  reactions  to  the  corres- 
ponding mutual  distances. 

The  matrix  <f>  is  of  order  n  —  1,  if  the  motion  of  the  bodies  is  within  the 
reference  space,  and  ^,  the  conjugate  of  ^,  annuls  every  direction  of  the  refer- 
ence space  exterior  to  the  space  of  the  moving  bodies.  If  the  space  which  con- 
tains the  moving  bodies  be  greater  than  n  —  I'st  order  the  matrix  0  must  be  of 
the  same  order,  but  must  annul  all  directions  outside  of  the  reference  space. 

The  reduced  equations  of  motion  are, 

(2)  (V^-f-W)  V'"^  (V'  — \V)  =  2  (v;  — V^  — ^V'), 

(3)  W  =  rV— iK, 

where  V'  =  ^^^,  a  function  of  the  mutual  distances,  and  W  is  a  skew  conjugate 
matrix,  whose  elements  are  to  be  found  from  the  quadratic  equations  be- 
tween them  in  (2),  and  thence  substituted  in  the  remaining  equations  of  (2)  and 
in  (3),  giving  a  certain  number  of  reduced  equations  of  second  and  third  order. 
Another  equation  which  is  linear  in  the  elements  of  W  enables  us  to  find 
the  reduced  equations  in  third  and  fourth  orders, 

(4)        Dt    (  '^  —  V'TT  —  TTI/;)  =  TTlj'    f  l/.7r  +  Wt  —  TT  W. 

Rose  Polytechnic  Institute, 
Terre  Haute,  Ind. 
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Direct  Reading  Accelerometers. 


By  C.  R.  Moore. 


Every  person  is  more  or  less  familiar  with  the  subject  of  acceleration 
or  deceleration — changes  of  velocity — whether  or  not  the  laws  governing 
the  same  or  the  mathematical  expressions  therefor  are  understood.  Such 
everyday  occuirences  as  passengers  swaying  to  and  fro  partially  suspended 
from  street  car  straps,  the  hurry  up  that  accompanies  one's  movements  as 
he  tries  to  reach  the  car  door  just  as  the  motorraan  stops  the  car,  are 
examples  which  prove  this.  Changes  in  the  rates  of  motion  are  essential 
to  all  forms  of  transportation,  and  the  more  rapidly  a  car  or  train  can  be 
brought  up  to  speed  (or  stopped)  the  shorter  will  be  the  time  re(iuired  be- 
tween two  iK>lnts  when  a  given  numl}er  of  stops  must  be  made.  Railway 
trains,  street  and  interurban  cars  are  therefore  started  and  stopped  as 
quickly  as  is  consistent  with  reasonable  comfort,  in  response  to  the  demand 
of  the  traveling  public  for  last  time. 

It  is  the  purpose  of  this  paper  to  discuss  briefly  the  laws  of  motion, 
and  to  describe  a  new  device  for  measuring  the  rate  of  change  of  velocity, 
showing  results  of  tests  recently  conducted  in  the  Electrical  Laboratories' 
at  Purdue  University. 

The  author  realizes  at  the  outset  that  the  subject  of  acceleration 
measurement  is  an  old  one  and  is  rather  reluctant  to  lay  claim  before  this 
body  of  scientists  that  what  is  offered  herein  Is  new.  However  as  far  as 
his  knowledge  goes  this  device  has  not  been  used  previous  to  this  time. 
The  scheme  is  brought  to  your  attention  for  whatever  consideration  it  may 
merit. 

Before  discussing  accelerometers  in  detail,  a  brief  study  of  just  what 
is  meant  by  acceleration  and  deceleration  may  be  of  value. 

In  Fig.  1  curve  "D"  shows  distances  plotted  against  time,  the  dis- 
tances being  taken  as  ordinates  and  the  time  as  the  abscissie.  The  car  is 
to  be  thought  of  as  moving  from  a  certain  point  "O,"  distances  **d"  beln.? 
measured  from  that  point  at  the  end  of  the  any  time  "td."  It  will  be  noted 
that  during  the  first  few  time  units  after  the  car  starts  the  distance  passed 
through  each  successive  unit  is  greater  than  that  passed  through  during? 
the  preceding  unit  of  time,  i.  e.  the  rate  of  motion  is  increasing.    At  the 
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end  of  a  certain  time,  however,  equal  Increments  of  time  show  equal  in- 
crements of  distance.  The  curve  then  becomes  straight  because  the  rate 
of  motion  has  become  constant. 

Velocity  or  the  average  rate  of  motion  is  defined  as  the  space  passed 
over  divided  by  the  time  required  for  passage.  The  average  velocity 
through  any  point  then  may  be  found  by  dividing  small  increments  of 
distance  by  the  corresponding  increments  of  time.  By  talving  these  In- 
crements sufficiently  small  we  may  make  the  average  velocity  approacli 
the  true  Instantaneous  velocity  through  any  given  point,  as  closely  as  we 
please.  At  the  limit  or  wlien  the  increments  become  zero  these  velocities 
are  equal. 

Near  the  point  "P"  on  the  distance  curves  shown  in  Figs.  1  and  2  are 
drawn  small  triangles  having  for  their  vertical  components  small  distances 
'*dd"  and  for  their  horizontal  components  the  corresponding  increments 
of  time  "dt."     From  the  above  definition   the  average  velocity  for  the 

space  passed  over  designated  by  the  small  triangle  will  be  v  =  -t-. 

at 

By  taking  this  triangle  very  small  the  average  velocity  may  be  made 
to  very  closely  approximate  the  Instantaneous  velocity  at  the  point  •*?." 

It  is  also  to  be  noted  that  the  ratio  p  Is  the  expression  for  the  tan- 
gent of  the  angle  included  between  the  line  "dt"  and  that  portion  of  the 
curve  which  completes  the  triangle.  Values  proportional  to  '*v'*  may 
therefore  be  found  at  any  point  on  the  distance  curve  by  drawing  a  tan- 
gent line  at  that  point  and  finding  the  tangent  of  the  angle  between  this 
line  and  the  horizontal.  Plotting  these  values  multiplied  by  a  constant 
gives  the  velocity  curves  "V"  (See  Figs.  1  and  2).  From  this  curve  we  are 
able  to  determine  the  velocity  of  the  car  at  any  time  **t." 

By  scanning  curve  "V"  we  note  that  the  velocities  for  different 
time  values  until  that  time  is  reached  where  the  distance  curve  became 
a  straight  line.  At  this  point  the  tangent  values  become  constant  and 
the  velocity  curve  becomes  horizontal. 

Just  as  velocity  may  be  determined  by  dividing  space  passed  over  by 

the  time  required,  so  may  the  acceleration  be  determined  by  dividing  the 

velocity  change  by  the  time  required  to  make  the  change.    The  statements 

relative  to  average  and  Instantaneous  velocity  also  hold  for  average  and 

dv 
Instantaneous  values  of  acceleration.       We  may  therefore  write  a=^- 
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as  the  general  expression  for  acceleration  when  derived  from  the  velocity- 
time  curve.  As  before,  this  expression  denotes  tangent  values  so  that  the 
acceleration  curve  may  be  obtained  from  the  velocity  curve  in  the  same 
manner  as  the  velocity  curve  was  obtained  from  the  distance  curve.  It  is 
interesting  to  note  that  the  acceleration  curve  reaches  the  X-axls  at  the 
same  time  the  velocity  curve  becomes  horizontal  and  at  the  same  time 
the  distance  curve  becomes  straight  This  Is  shown  mathematically  as 
follows: 

dd  dv       a«d       ^, 

V  =  -y-         a  =^  -7-  =  -7-5  =  0  for  V  =:  a  constant, 
dt  at        at* 

or  the  value  of  "v"  can  be  variable  only  so  long  as  the  distance  time 

curve  is  not  straight,  and  unless  "v"  is  a  variable  the  second  derivative  of 

the  distance  cure  will  be  zero. 

Physicists  learned  early  that  weight  could  not  be  taken  as  a  standard 

of  force  on  account  of  the  variation  of  gravity  with  location  on  the  earth's 

surface.    Knowing  however  that  force  was  required  to  change  the  velocity 

of  a  body  it  developed  that  when  the  amount  of  substance— mass — in  a 

given  body  was  known     im  =  -)     the  force  needed  to  give  it  a  definite 

g 
change  in  velocity  in  a  given  time  was  a  definite  function  of  these  two 

quantities.  The  familiar  expression  for  this  is,  Force  =  mass  x  accelera- 
tion. 

The  equation  is  valuable  to  scientists  and  engineers  alike.  Using 
unit  mass  and  unit  acceleration,  the  scientist  finds  thereby  a  unit  force 
which  Is  constant.  (The  equation  of  the  pendulum  gives  him  the  acceler- 
ation due  to  gravity  at  any  point  so  that  mass  may  be  easily  determined.) 
Knowing  the  masses  involved  in  a  given  car  or  machine,  the  engineer  is 
;ible  to  predetermine  the  torque  necessary  at  the  motor  shaft  to  bring  the 
.name  up  to  speed  In  a  given  time.  This  Information  Is  valuable  for  pur- 
poses of  design. 

After  the  apparatus  has  been  assembled  It  Is  sometimes  necessary  to 
determine  their  performance.  The  mass  being  known  it  remains  to  meas- 
ure the  acceleration  to  see  If  the  motors  meet  the  requirements. 

This  measurement  of  acceleration  has  been  attempted  In  many  ways. 
\  few  of  the  more  important  schemes  will  now  be  considered.  Accelerom- 
eters  employing  a  freely  moving  mass  of  some  sort  have  been  most  used. 
Dr.  Sheldon's  device  is  of  this  type,  using  a  suspended  weight  carrying  a 
pointer  at  the  bottom  (fastened  thereto  by  rods)  which  plays  over  a  scale. 

[14—28008] 
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The  mass  being  free  to  move  is  sensitive  to  changes  of  velocity  and  the 
scale  may  be  calibrated  to  read  acceleration  directly.  The  calibration  is 
fairly  simple  and  the  device  is  not  ditticult  to  construct. 

Another  device  working  on  the  same  principle  consists  of  a  "U"  tube 
partially  filled  with  mercury  so  placed  that  its  plane  is  parallel  to  the 
motion  of  the  car.  It  is  obvious  that  changes  of  velocity  will  cause  the 
mercury  to  rise  in  one  side  of  the  tube  and  to  fall  in  the  other.  The  more 
quickly  these  changes  occur  the  greater  will  be  the  difference  between  the 
heights  of  the  mercury  in  the  two  portions  of  the  tube.  The  tube  may 
therefore  be  calibrated  to  read  acceleration  directly. 

Again  the  accelerometer  takes  the  form  of  h  slightly  inclined  track 
upon  which  rolls  a  ball.  This  track  is  made  to  extend  in  both  directions 
and  has  a  short  level  portion  at  the  middle.  Changes  of  velocity  cause  the 
ball  to  move  one  way  or  the  other  along  the  track.  This  device  Is  difficult 
to  read  and  is  not  very  accurate. 

All  of  these  accelenuneters  are  confined  to  horizontal  motions  and  if 
the  track  be  other  than  level  corrections  must  be  made  therefor.  This  in- 
volves a  great  deal  of  labor  and  expense  so  that  while  the  devices  are 
simple  In  themselves  their  use  is  complicated.  It  is  next  to  impossible 
to  make  them  self-recording. 

Another  apparatus  for  reading  acceleration  consists  of  two  magneti- 
cally actuated  markers  so  arrangetl  that  dots  may  l)e  made  by  each  of  them 
on  a  sheet  of  paper  moved  at  a  uniform  rate  of  motion.  The  magnet  of 
one  of  these  i>ointers  has  its  circuit  closed  through  Iwittery  at  regular  time 
intervals  by  a  clwk.  The  other  pointer  has  its  magnet  operated  on  a 
circuit  which  is  closed  through  battery  a  definite  number  of  times  per  revo- 
lution of  the  car  wheel.  From  the  record  made  by  these  pointers  the  ac- 
celeration at  any  time  maj'  be  determined.  This  apparatus  also  involves 
a  great  deal  of  labor  and  expense  and  is  seldom  used. 

The  accelerometer  which  is  the  subject  of  this  paper  depends  for  its 
operation  entirely  upon  electrical  phenomena  and  is  independent  of  Its 
own  location,  motion  or  position.  It  will  therefore  read  acceleration  ver- 
tically or  at  any  angle  as  well  as  in  the  horizontal  direction.  No  cor- 
rections are  necessary  and  it  may  easily  be  made  self-recording.  It  Is 
not  difficult  to  calibrate  and  is  permanent. 

The  circuit  as  originally  conceived  is  sliown  In  Fig.  3  in  which  **B** 
is  an  electric  condenser.  "('"  an  ordinary  high  grade  direct  current  volt- 
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meter  (with  the  extra  resistance  removed)   and  "A"  Is  a  direct  current 
magneto  generator  having  permanent  magnet  fields. 

The  equation  of  the  condenser  is  Q=BC;  where  Q  is  the  quantity  of 
electricity  in  Coulombs  (ampere  seconds),  E  is  the  voltage  impressed,  and 
C  is  the  capacity  in  farads  of  the  condenser.  Studying  this  equation  we 
find  that  if  E  is  increased  uniformly  the  quantity  of  charge  Q  on  the  con- 
denser plates  will  also  increase  uniformly.  Since  Q  is  increasing  uni- 
formly with  respect  to  time,  the  Inflow  of  current  is  at  a  constant  rate, 

i.  e    i  =  -T^.        Likewise  a  constantly  decreasing  B  will  give  a  constant 
'         at 

outflow  of  current.  However,  as  soon  as  E  reaches  a  fixed  value  all  cur- 
rent flow  in  the  circuit  ceases  since  it  is  one  property  of  the  electric  con- 
denser to  arrest  the  flow  of  direct  current  (The  terms  "inflow"  and 
"outflow"  refer  to  those  condenser  plates  that  are  directly  connected  to 
the  instrument  terminal.  Of  course  as  much  current  flows  on  to  one  set 
of  plates  as  flows  off  of  the  other  plates,  the  current  in  the  line  having  a 
deflnite  direction  during  an  increase  of  voltage  and  the  opposite  direction 
during  a  decrease  of  voltage.)  The  magnitude  of  these  currents  are  shown 
by  the  direct  current  instrument  which  consists  merely  of  a  coil  swinging 
in  a  uniform  magnetic  field.  So  long  then  as  the  voltage  is  changing  uni- 
formly the  instrument  will  read  a  constant  value  returning  to  zero  only 
when  E  ceases  changing.  It  follows  that  if  E  does  not  change  uniformly 
the  instrument  will  not  read  a  constant  value  but  that  its  Indlcatiwis 
will  be  proportional  to  the  instantaneous  rate  of  change  of  the  voltage. 
The  direct  current  magneto  is  so  designed  that  its  voltage  Is  directly  pro- 
portional to  its  speed,  so  that  changes  of  voltage  at  its  terminals  can  only 
occur  as  a  result  of  changes  In  speed.  Therefore  the  instrument  reads 
the  rate  of  change  of  speed,  i.  e.  acceleration  whether  positive  or  negative. 
In  a  preceding  paragraph  it  was  implied  that  an  electric  condenser 
allows  no  current  to  pass  when  the  voltage  E  has  reached  a  fixed  value. 
This  would  be  a  fact  if  an  ideal  condenser  could  be  made,  but  it  is  a  well 
known  fact  that  there  is  always  some  leakage  even  in  the  best  condensers. 
This  means  that  the  dielectric  has  a  definite  value  of  resistance  which 
varies  with  diflTerent  conditions  and  substances,  and  according  to  Ohm*» 

E 
law  the  leakage  current  will  be  1  =  -.     This  state  of  affairs  renders  our 

rv 

ideal  circuit  incorrect  for  any  speed  above  zero  l)ecause  the  instrument 
gets  a  small  current  in  a  deflnite  direction  that  is  practically  proportional 
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to  speed,  and  even  if  the  voltages  were  constant — acceleration  zero — the 
instmment  could  not  return  to  its  zero  position. 

The  circuit  must  therefore  be  modified  to  compensate  for  this  small 
leakage  current,  as  is  shown  in  Fig.  4.  A  second  direct  current  magneto 
(or  another  commutator  on  the  original  machine)  is  arranged  so  that  it 
can  feed  current  through  a  high  resistance  to  another  coil  on  the  moving 
element  of  the  instrument  This  second  coll  Is  wound  over  the  first  and 
works  in  the  same  magnetic  field.  The  current  Is  passed  through  it  in  such 
a  direction  that  the  torque  produced  thereby  opposes  the  torque  of  the 
original  coil.  By  adjusting  the  high  resistance  these  torques  may  be  made 
equal  and  the  instrument  will  read  zero  for  any  constant  value  of  voltage 
within  reasonable  limits.  This  allows  the  charging  currents  to  actuate 
the  instrument  entirely  independent  of  the  leakage  current  and  condensers 
of  reasonable  cost  may  be  employed. 

In  Fig,  4  the  second  generator  is  sliown  at  A^,  the  high  resistance  at 
R,  and  the  second  coil  on  the  moving  element  of  the  instrument  has  its 
terminals  ediown  at  T,  and  Tj.  l*hese  terminals  are  also  shown  in  the 
separate  sketch  of  the  instrument  C.  It  will  be  noted  that  the  pair  of 
magnetos  are  shown  belted  to  a  car  axle.  When  this  is  done  changes  in 
the  rate  of  motion  of  the  car  will  produce  changes  in  the  voltages  of  the 
magnetos  so  that  the  instrument  may  be  calibrated  to  read  accelerations 
in  terms  of  feet  per  second  per  second,  as  well  as  in  terms  of  revolutions 
per  second  per  second. 

Figures  5  to  11  show  the  results  obtained  recently  from  tests  on  this 
type  of  accelerometer.  Three  curves  (Figs.  5,  6  and  7)  show  positive  ac- 
celeration, and  three  (Figs.  8,  9  and  10)  show  negative  acceleration. 

The  experimental  apparatus  with  which  these  results  were  obtained 
was  made  up  as  follows:  the  direct  current  machine  In  the  condenser  cur- 
cuit  was  a  separately  excited  generator  of  about  500  watts  capacity  having 
a  normal  speed  of  1,800  R.  P.  M.  The  fields  were  excited  from  storage 
Imttery,  about  140  milamperes  being  used.  At  1,800  R.  P.  M.  this  excita- 
tion gave  about  50  volts  at  the  terminals.  Since  the  field  was  constant 
and  no  appreciable  current  was  taken  from  the  armature  the  voltage  re- 
mained directly  proportional  to  the  speed.  The  condensers  had  a  combined 
capacity  of  about  65  micro-farads  and  were  of  the  ordinary  paper  type. 
The  Instrument  used  was  home  made  and  very  imperfect.  Its  moving 
element  was  very  heavj%  its  frictional  error  large  and  the  damping  effect 
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poor.  Its  calibration  curves  are  sliown  in  Pig.  11.  Tliese  imperfections 
account  for  the  variation  in  its  calibration  constant  as  will  be  stated  later. 
The  resistance  circuit  contained  a  three- volt,  1,800  R.  P.  M.  magneto  (perma- 
nent fields)  directly  connected  to  the  motor  shaft,  as  was  the  generator  in 
the  condenser  circuit.  The  resistance  employed  was  of  the  ordinary  box 
type. 

Acceleration  was  obtained  by  impressing  suddenly  a  fixed  voltage  on 
the  driving  motor  and  reading  values  of  speed  and  the  accelerometer  every 
two  seconds.  Deceleration  was  obtained  by  opening  the  motor  switch  and 
reading  speed  and  the  accelerometer  every  two  seconds.  The  speed  read- 
ing were  secured  by  attaching  a  voltmeter  to  the  three-volt  magneto. 
Some  of  the  readings  thus  taken  are  shown  in  Figa  5  to  10  which  are 
sel  f -explanatory. 

Scanning  these  curves  brings  out  their  similarity  to  the  mathematical 
curves  on  B^gs.  1  and  2. 

Calibration  is  eflfected  by  drawing  tangents  at  various  points  on  the 
8i>eed  time  curve  and  dividing  the  accelerometer  reading  at  this  point  by 
the  value  of  the  tangent  of  the  angle  between  this  line  and  the  horizontal. 
This  quotient  should  be  constant  Now  by  noting  actual  voltage  and  the 
corresponding  speed  the  number  of  volts  per  revolution  may  be  obtained. 
Our  tangent  value  Indicates  volts  change  in  a  given  time  "t"  which  may 
now  be  reduced  to  revolutiims  change  in  the  same  time.  If  the  gener- 
ators be  belted  to  a  car  axle  the  wheels  of  which  have  a  known  diameter 
this  revolution  change  may  be  reduced  to  the  corresponding  change  of 
linear  velocity  in  the  given  time  "t." 

For  the  tests  herein  described,  however,  the  instrument  scale  was 
arbitrarily  drawn  and,  with  the  particular  circuit  set  up,  each  small  di- 
vision corresponds  to  an  acceleration  of  0.33  revolutions  per  second  per 
second.  If  it  had  been  used  on  an  interurban  car  having  24"  wheels  Its 
scale  would  indicate  0.817  feet  per  second  per  second  per  small  division. 
This  value  could  be  reduced  to  a  workable  figure  by  using  a  larger  con- 
denser, a  higher  voltage  and  a  more  sensitive  voltmeter. 

These  calibration  values  varied  from  15  to  25  revolutions  per  second 
per  second  per  small  scale  division  on  account  of  imperfections  In  the  in- 
struments and  the  small  readings  made  necessary  by  having  insufl^cient 
capacity. 
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Almost  any  romli'ii-er  when  suddenly  dis<'lj airbed  if  allowed  to  stand  a 
few  uinutes  will  exi)erienc-<»  a  rise  in  [potential  at  Its  terndnals.  This  rise  is 
due  to  what  is  known  as  tli^  residual  eharge.  Tliis  phenomenon  is  explained 
as  follows :  When  a  condenser  is  chargeil  its  dielectric  Is  straine<l  and  being 
non-homogeneous  the  strains  are  unequal.  (B3'  strain  is  meant  the  actual 
(•omjiression  of  the  plates.)  When  discharged  these  strains  are  relieved  but 
they  do  not  decrease  at  the  same  rate,  sj  thjit  some  parts  of  the  dielectric 
become  .^trained  in  the  oi)p<)site  .sense  and  balance  those  parts  which  are 
slower  in  acting.  The  condenseer  is  then  apparently  discharged,  Imt  after 
standing  a  while  these  strains  tend  to  diminish  and  usually  there  is  a  re- 
sultant strain  set  up.  This  resultant  strain  Is  due  to  the  fact  that  while 
the  forces  were  originally  balanced  at  the  end  of  the  first  discharge,  yet 
the  distances  are  une4]ual  and  In  nonhomogene(ms  materials  stress  is  sel- 
dom proportional  to  strain. 

The  condenser  may  now  l)e  discluirged  again  and  after  a  time  may 
show  still  another  rise  of  potential.  In  the  apparatus  herein  described 
ti»ls  effect  is  entirely  negligible,  for  the  reason  tliat  the  c<mdenser  i©  never 
cliargetl  or  discharged  suddenly,  some  few  seconds  l»eing  retpdred  to  com- 
plete the  action. 

In  all  condensei's  there  Is  also  some  absorption,  but  with  good  (*on- 
deusers  used  at  the  voltages  proiwseil  for  this  apimratus  this  effect  Is  also 
4|ulte  negligible,  and  we  may  wltli  certainty  say  that  for  a  given  voltage 
cliinige  at  any  part  of  the  potential  range  eipial  (piantities  of  electricity 
pans  through  tlie  Instnmient. 

With  an  In.strument  giving  a  uniform  scale  therefore  we  liave  an  ai)- 
paratiLs  which  will  shov.*  ecjual  increments  of  readings  for  e<|ual  rates  of 
cliange  of  vehK'lty.  I.  e.  a  direct  reading  accelerometer. 

Fig.  12  shows  tlie  apparatus  as  asseml»letl  for  use  In  railway  work. 
The  double  commutator  magneto  is  here  shown  l)elted  directly  to  the  car 
'axle.  It  Is  obvious  tliat  the  readings  of  the  lnsti*ument  are  unaffected  by 
grades  or  side  tlltings  of  the  car. 

The  apparatus  may  be  nmde  self-recording  by  emi)loying  a  recording 
instrument  instead  of  an  Indicating  (Oie.  as  shown  In  Fig.  V.i.  These  re- 
<-orders  may  l»e  olitained  in  the  market  and  are  very  sensitive  and  reli- 
able. The  record  Is  made  hy  pla<'in;L:  a  pen  nu  the  end  of  the  voltmeter 
iMdnter.  the  whole  lieing  pulled  (b»wn  upnn  a  sheet  of  paper  moving  at  a 
uniform   rate  of  motion   by   means  of   a   small    magnet   whose   circuit    is 
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closed  tbrougli  bHitery  by  a  clock.    The  rec-ord  Is  tlius  made  automatically 
and  needs  no  correction. 

Tbe  amtelerometer  may  be  wade  setr^contalned  and  is  easily  trans- 
ferred from  one  car  to  another. 


Fig.  13. 
Before  closing,  the  author  wtebes  to  express  lila  aiipreelutiou  of  the 
efforts  of  Messrs.  F.  C.  Weaver,  G.  T.  Shoemaker  and  E,  E.  Thomas,  mem- 
bera  of  tbe  present  Senior  Electrical  Class  at  I'urdue  Univeralty.  whose 
kindly  assistance  made  this  paper  jMwslble. 
Purdue  University, 
I-afayette.  Ind. 
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Some  Notes  on  the  Strength  of  Concrete  Building 

Blocks. 


By  II.  H.   SCOFIELD. 


The  concrete  building  block  industry  is  rapidly  nssuuiing  an  imi)ortant 
IHisition  and  is  now  established  on  a  firm  basis  among  the  other  industries 
supplying  building  materials. 

Reinforced  concrete  is  now  very  largely  used  and  seems  to  be  the 
liest  form  of  concrete  used  for  floors,  beams  and  columns,  but  the  concrete 
block  seems  to  be  the  form  of  concrete  most  adaptable  for  use  in  the 
wails  of  residences  and  other  buildings. 

The  industry  has  grown  so  rapidly  in  the  past  few  years  that  stand- 
ard specifications  for  their  manufacture  and  use  have  been  adopted  by 
the  National  Association  of  Cement  Users  and  by  many  cities  of  the 
United  States.  The  need  for  proper  specifications  was  brought  about 
mainly  on  account  of  the  large  number  of  inferior  blocks  placed  on  the 
market  by  Irresponsible  manufacturers.  The  causes  for  this  are  various, 
such  as:  a  desire  for  higher  profits  brought  about  by  using  inferior  in- 
gredients; ignorance  as  to  the  best  methods  of  using  the  materials  at 
hand,  careless  workmanship  and  improper  treatment  as  to  storage,  etc. 

The  specification  for  crushing  strength  as  called  for  by  most  specifi- 
cations is  so  high  that  it  can  be  filled  only  by  the  best  methods  and  the 
best  material,  and  although  it  is  many  times  more  than  a  block  will  ever 
be  called  upon  to  stand  in  actual  use  in  a  wall,  yet  it  insures  a  block 
which  is  strong,  dense  and  thereby  water-proof,  with  clean-cut,  smooth 
edges,  and  a  block  which  will  endure  for  ages. 

The  following  are  some  items  which  enter  into  the  making  of  good 
concrete  blocks: 

In  the  selection  of  a  cement,  a  maker  has  two  alternatives.  He  must 
either  use  a  first-class,  standard  brand  of  known  excellence,  or  he  may 
use  the  competitive  brands  on  the  market,  thereby  getting  lower  prices.  In 
the  lal.cr  case,  he  should  have  each  shipment  sampled  and  tested  by  a  re- 
liable testing  laboratory. 

An  unsound  cement  may  not  show  up  till  the  block  is  in  the  wall  or 
for  years  after,  but  it  is  practically  inevitable  that  the  block  will  finally 
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(TiK'k  and  disintegTHte.  Some  cement  companies  take  proper  precautions 
in  tlie  treatment  of  raw  materials  and  storage  of  the  finished  product, 
such  that  very  rarely  does  an  unsound  cement  leave  their  mill.  Other 
(companies,  in  the  rush  of  business,  do  not  properly  mix  and  grind  their 
raw  material  and  finished  cement,  and  do  not  store  the  cement  long 
enough  for  the  hydration  of  the  free  lime  present  These  are  conditions 
that  tend  to  place  more  or  less  unsound  cement  on  the  market.  The  future 
of  the  concrete  block  manifestly  depends  to  a  great  extent  upon  the  use 
of  a  sound  cement 

For  maximum  strength  in  concrete,  the  cement  must  be  finely  ground, 
but  fine  grinding  is  expensive  and  consequently  this  part  of  the  manu- 
facture is  often  slighted.  The  cement  should  also  be  slow  setting,  as  a 
cement  that  reaches  its  initial  set  in  two  or  three  hours  will  be  stronger 
at  the  end  of  seven  days  or  a  month  than  a  quicker  setting  cement  that 
reaches  its  initial  set  in  fcrty  or  fifty  minute.s. 

The  cement  to  l)e  us<h1  in  concrete  blocks  should  in  all  cases  pass 
the  specifications  of  the  American  Society  for  Testing  Materials. 

Too  frequently  the  reason  for  poor  concrete  is  ascribed  to  poca*  cement, 
and  no  thought  is  given  the  other  materials  entering  in,  namely;  sand, 
gravel  or  broken  stone.  The  selection  and  pro[)ortioning  of  the  aggregate 
for  the  l>est  concrete  is  very  important  in  the  building  block  Industry.  It 
is  well  known  that  the  profmrtions  of  cement,  sand  and  stone  which  will 
give  the  densest  mixture  of  concrete  will  also  give  the  highest  strength. 
It  Is  also  recognized  that  a  rich,  dense  mixture  of  concrete  is  the  most 
nearly  wateri>roof  that*  concrete  alone  can  be  made.  So  that  for  a  strong. 
water-i)roof  block,  it  is  lmiK)rtant  that  the  cement  and  aggregate  be  prop- 
erly proportioned.  This  may  be  done  by  actual  trial  mixtures  to  deter- 
mine the  densest  concrete.  An  aggregate  containing  coarse  stones  and 
sand  has  greater  density  than  sand  alone  and  consequently  is  better  for 
use  in  concrete  blocks. 

According  to  Wm.  B.  Fuller,  an  eminent  authority  on  concrete,  the 
most  nearly  perfect  gradation  of  sizes  of  particles  in  an  aggregate  may 
best  be  known  by  the  process  of  mechanical  analysis  and  subsequent  re- 
proportioning.  In  case  the  business  warrants  It  samples  of  the  gravel 
should  be  submitted  to  a  reliable  testing  laboratory  for  mechanical  analy- 
sis to  determine  the  proper  proportions, 
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A  dirty  gravel  or  one  that  coutnlus  iini)iiritles»  should  be  \vnslie<l.  This 
will  not  only  improve  the  strength  of  the  concrete,  but  will  make  a  more 
uniform  and  desirable  color  for  the  finished  block. 

It  is  now  agree4l  that  cement  hardens  by  a  i)rocess  of  crystallization 
of  the  active  elements.  Water  must  be  luesent  for  the  crystallizing  to  go 
on.  Therefore  it  is  necessary  that  the  i^roper  amount  of  water  be  used 
in  mixing  the  concrete.  This,  by  some  authorities,  is  from  8  to  18  per 
cent.  Also  it  is  necessary  that  after  moulding,  the  block  must  not  be 
allowe<l  to  dry  out,  as  no  subsequent  addition  of  water  will  give  per- 
fect crystallization.  Some  makers  cure  their  blocks  in  a  steam  bath,  there- 
by insuring  constant  moisture.  The  economical  value  of  steaming  con- 
crete blocks  is  a  subject  for  experiment  as  yet.  Most  si>ecifications  limit 
the  time  after  making  at  which  blocks  may  be  used  in  the  wall,  so  that  the 
increased  speed  of  hardening  by  the  steam  process  is  not  so  Important. 

The  si>ecification  for  crushing  strength  of  concrete  blocks,  In  most 
crtses.  Is  1,000  pounds  i)er  square  inch  of  gross  area,  no  allowance  being 
made  for  the  hollow  si)aces.  The  block  must  reach  this  strength  In  28  or 
:iO  days  after  making. 

The  city  of  Indianapolis  has  recently  adopted  specifications  for  con- 
crete building  blocks,  and  the  results  of  the  first  series  of  tests  for  the 
bUK»k  makers  of  that  city  by  the  Laboratory  for  Testing  Materials  of  Pur- 
due I'niversity,  indicate  a  chance  for  improvement. 

Of  75  tests  of  blocks,  supinised  to  have  been  made  under  the  si)eciflca- 
tions.  only  28  i>er  cent  passeil  the  specification  for  crushing  strength,  and 
the  average  age  of  these  was  41  days  instead  of  30.  Similar  results  have 
no  doubt  been  found  in  all  cities  which  have  adopted  a  building  block 
ordinance.  However,  under  the  influence  of  these  somewhat  rigorous 
sjieclficatlons,  It  Is  to  be  expected  that  the  quality  of  ttie  product  on  the 
market  will  greatly  improve.  This  In  itself  will  strengthen  the  industry 
for  those  makers  who  are  ccmtent  to  manufacture  good  blocks  at  a  rea- 
sonable profit. 

Purdue  University, 
Lafayette,  Ind. 
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POT^ARTZATION    OF    CaDMTUM    CeLLS. 


Hy  U.  U.  Uamsf.y. 


While  working  on  another  problem  (Phys.  Rev.  Vol.  IG,  p.  105)  it 
was  noted  that  the  E.  M.  F.  of  a  cadmium  cell  was  greatly  decreased  and 
at  times  apparently  reversed  after  a  considerable  quantity  of  electricity 
had  passed  through  it. 

To  investigate  the  cause  of  this  phenomenon  the  experiments  de- 
scribed below  were  undertaken.  Work  of  a  similar  nature  has  been  car- 
ried out  by  F.  E.  Smith  (Phil.  Trans.  Roy.  Soc.  Lon.,  Series  A,  Vol.  207, 
p.  393) ;  by  S.  J.  Barnett  (Phys.  Rev.  Vol.  18.  p.  104.  1904),  and  by  P.  I. 
Wold  (Phys.  Rev..  Vol.  27,  p.  132,  1909).  However,  in  their  experiments 
the  time  of  polarization  was  comparatively  small,  the  attention  of  the 
investigators  being  directed  to  the  initial  polarization  or  to  the  rate  of 
recovery.  In  my  work  I  have  attempted  to  find  the  cause  of  this  polariza 
tion. 

Cells  were  constructed  of  the  H  type  and  according  to  the  accepted 
fonuula  for  cadmium  cells.  The  chemicals  used  were  C.  P.  chemicals  of 
commerce.  With  ordinary  care  a  cell  could  be  obtained  whose  E.  M.  F. 
did  not  differ  more  than  .001  volt  from  the  standard  value.  Measurements 
of  E.  M.  F.  were  made  by  means  of  a  ixjtentiometer.  At  times  where 
rapid  measurements  were  desirable  and  great  accuracy  was  not  necessary 
a  voltmeter  was  used,  the  readings  being  corrected  for  the  internal  re- 
sistance of  the  cell.  Current  was  measured  with  a  milliameter  and  time 
was  measured  with  a  watch.  At  first  it  was  thought  that  the  polarization 
was  a  surface  effect,  that  a  relation  existed  between  the  area  of  the  sur- 
face of  the  electrode  and  the  quantity  of  electricity  required  to  polarize 
a  cell  to  some  standard  amount.  Cells  were  made  with  electrodes  of  vari- 
ous diameters.  The  current  was  noted  at  stated  intervals,  so  that  the 
total  quantity  could  be  caluclated.  This  was  found  to  differ  in  different 
cells,  but  it  appeared  to  depend  more  upon  the  past  history  of  the  cell 
than  upon  the  electrode  surface  exposed. 

It  was  found  that  after  a  cell  has  been  polarized  once  and  has  re- 
gained its  normal  E.  M.  F.  again  it  required  less  quantity  of  electricity 
to  polarize  it  than  It  did  during  the  first  run.    A  cell  with  three  legs  was 
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made.  Two  of  the  legs  were  filled  with  iiiereury  and  the  third  was  fiile<l 
with  aidmiuni  anialgaui.  i^Vmnection  was  Diade  to  the  amalgam  terminal 
and  to  one  of  the  mercury  terminals  and  current  passed  until  the  cells 
were  polarize<l.  Measurements  were  made  by  means  of  the  potenti<mieter. 
and  it  was  found  that  the  E.  M.  F.  between  the  unpolarlzed  mercury  ter- 
minal and  the  cadmium  terminal  was  normal,  w^hile  the  polarized  mercury 
terminal  gave  a  very  small  value,  showing  the  polarization  to  be  at  the 
mercury  terminal.  Measurements  were  made  between  polarized  cells  and 
uni>olarized  cells  by  connecting  the  two  cells  together  by  means  of  a 
siphon  filled  with  cadmium  sulphate  solution.  In  every  case  it  was  found 
that  the  polarized  mercury  terminal  gave  low  values,  while  the  polarized 
(^idmium  terminal  gave  normal  values  when  connected  to  unpolarlzed  mer- 
cury terminals,  never  deviating  more  than  could  l>e  explained  by  concen- 
tration and  temperature  eflfects. 

A  cell  (5)  was  fthort  circuited  for  some  days  and  part  of  the  mercury 
was  removed  with  a  pipette,  washed  and  filtered  through  a  pinhole  and 
made  the  mercury  terminal  of  a  new  cell  (6)  from  which  the  mercurouj 
sulphate  was  omitted.  The  E.  M.  F.  was  measured  from  time  to  time 
and  the  recovery  noted.    The  following  table  gives  the  results. 


March 

llarch 

March 

March 

March 

March 

March 

May 

June 

August 


9. 
10. 
10. 
12. 
13. 
14. 
15. 
14 

8. 
26. 


5:15  p.  m. . 
9:00  a.m.. 
3:45  p.  m.. 
9:20  a.  m.. 
10:15  a.  m.. 


September  24. 


E  M.  F. 


(5)      ! 


(6) 


0.1308 

.1320 

.1363 

.1488 

.1676 

1.0222 

1.0242 

1.0146 

1.0177 

1.0189 

1.0150 


0.1290 
.1307 
.1310 
.1339 
.1322 
.1317 
.1335 
.0691 
.0533 
.0637 
.0462 


The  above  table  shows  that  cell  (5),  which  contained  mercurous  sul- 
phate, recovered  Its  E.  M.  F.  in  a  few  days,  while  (6)  remained  polarized 
for  six  months.  The  results  show  the  E.  M.  F.  in  March  to  be  greater 
than  the  later  values.  This  may  be  due  to  the  cadmium  sulphate  solution 
not  being  concentrated  in  the  early  observations  or  to  some  constant  error 
of  the  potentiometer.     The  table  shows  that  the  polarization  is  due  to 
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something  in  the  mercury  which  can  not  be  washed  or  filtered  out.  But 
is  removed  by  mercurous  sulphate.  The  mercury  from  cell  (6)  was  taken 
out  and  placed  in  a  tube  and  sparked  by  a  large  electric  machine.  Cad- 
mium lines  were  very  distinct  in  the  spectrum.  Thus  It  would  seem  that 
polarization  is  caused  by  cadmium  t>eing  deposited  in  the  mercury  and 
that  the  recovery  is  due  to  the  removal  of  the  cadmium  by  the  mercurous 
sulphate. 

Indiana  University, 
Bloomington,  Ind. 
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An  Investigation  of  a  Point  Discharge  in  a  Magnetic 

Field. 


By  Oscab  William  Silvky. 


Since  the  announcement  of  the  magnetic  deflection  of  the  electric  arc 
and  of  the  path  of  the  particles  of  a  vacuum  tube  discharge,  there  has 
been  some  investigation  of  the  electric  discharge  in  a  magnetic  field  at 
atmospheric  pressure. 

Among  the  first  of  these  investigations  was  that  of  Precht,^  who  found 
that  when  a  spark  passed  transverse  to  the  lines  of  force  in  a  magnetic 
field,  between  a  point  anode  and  a  blunt  cathode,  there  was  a  deviation 
of  the  path  of  the  spark,  especially  from  the  middle  portion  of  the  spark 
gap  to  the  cathode,  the  spark  increased  in  brightness,  and  there  was  a 
decrease  in  the  fall  of  potential  between  the  electrodes.  Also,  if  the  elec- 
trodes were  separated  farther  until  a  brush  discharge  existed  between 
them,  the  stream  showed  a  deflection,  the  potential  between  the  points 
decreased,  and  the  brush  often  changed  into  a  spark  discharge,  when  the 
electro-magnets  producing  the  field  were  excited.  In  case  of  the  glow  dis- 
charge, where  there  existed  a  small  brush  at  the  anode  and  a  bright  spot 
on  the  cathode,  with  the  intervening  space  dark,  the  spot  moved  up  or 
down  according  to  the  electrodynamic  laws,  when  the  field  was  mag- 
netized first  in  one  direction  and  then  in  the  other. 

In  case  a  point  cathode  was  used  with  a  blunt  anode,  the  spark  was 
deflected  and  the  potential  raised,  when  the  magnet  was  excited  the  spark 
discharge  being  often  changed  to  a  brush. 

*H.  E.  Schaeffer  has  recently  studied  the  effect  of  the  magnetic  field 
on  the  spark  discharge  of  an  induction  coil  in  each  of  the  following  types 
of  ^ark: 

"1.  The  spark  obtained  when  neither  capacity  nor  self-induction  had 
been  introduced  into  the  secondary  circuit  of  the  induction  coil. 

"2.  The  spark  obtained  when  a  (capacity  of  0.005  to  0.012  microfarads 
had  been  introduced  into  the  secondary  circuit. 


*J.  Precht,  Wied.  Annalen  (66-4,  pp.  676,  697),  1898. 

>H.  B.  Schaeffer,  Astro-Physical  Journal  (28,  pp.  121-149),  Sept.,  1908. 
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"a.  The  spark  obtained  when  a  capacity  of  .0005  to  .012  M.  F.  and 
II  self-induction  of  0.008  lienrys  has  lK»en  introduced  into  the  secondary 
circuit." 

In  this  study  it  was  found  tliat  "wlien  the  magnetic  tield  was  parallel 
to  the  spark  length,  the  first  tyi>e  of  spark  presented  two  sheets  of  vapor 
in  the  form  of  spirals.  In  a  field  at  right  'angles  to  the  spark  length  this 
vapor  is  in  the  form  of  two  semicircular  sheets,  one  being  on  each  side 
of  the  spark  gap  in  a  plane  perpendicular  to  the  direction  of  the  magnetic 
field. 

**In  the  second  type  of  spark  (if  the  capacity  did  not  exceed  .002  M.  F.) 
and  in  the  third  type  brilliant  spiral  threads  in  a  parallel  field  and  bril- 
liant circular  threads  in  a  transverse  field  took  the  place  of  the  spiral  and 
circular  sheets  respectively.  In  the  first  and  second  types  of  spark  the 
bundle  of  threads  across  the  gap  could  not  be  deflected  by  a  magnetic 
field  of  12,000  gausses.  In  the  third  type  the  metallic  vai)or  and  the 
threads  across  the  gap  were  deflected  in  a  very  strong  field  and  in  a  man- 
ner analogous  to  that  of  the  circular  and  spiral  threads.  Reversing  the 
direction  of  the  magnetic  field,  or  that  of  the  current  through  the  primary 
of  the  induction  coll,  changes  the  iwsition  of  the  sheets  and  of  their  ends. 
Decreasing  the  current  through  the  primary  or  lengthening  the  spark  gap 
sufficiently,  causes  one  sheet  or  one  set  of  threads  to  disappear.'* 

The  different  parts  of  the  deflected  spark  were  analyzed  by  the  s\\ec- 
troscope,  and*  it  was  found  that  the  **Circular  sheet  of  the  first  tyi'e  of 
sfiark  gave  a  si)ectrum  of  nitrogen  bands,  while  the  central  threads 
showed  that  of  the  metallic  linos  and  the  air  lines.  The  second  t>i)e  gave 
the  same  spectrum  of  bright  air  lines,  and  fainter  metallic  lines,  for  both 
circular  threads  and  central  threads.  The  third  tyi)e  showed  the  same 
spectrum  (air  lines)  for  all  metals  used  as  electrodes.  The  spectrum  of 
the  circular  threads  showed  the  arc  lines  In  addition  to  the  air  lines." 

By  means  of  a  rotating  mirror,  the  velocity  of  the  circular  threads  of 

the  si>ark  was  determined,  and  from  this  a  value  for         calculated. 

M 

Prof.  A.  L.  Foley'  passed  transversely  through  a  long  tube  which 
served  as  a  pinhole  camera  an  electric  discharge  and  observe<l  that  when 
a  photographic  plate  was  placetl  at  the  (.pposlte  end  of  the  tube  from  the 
pinhole,  the  plate  after  exiM)sure  sliowc^l  a  shadow  picture  of  a  strea  ii 


*  Not  yet  pnhllshod. 


s 
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between  the  points  which  were  used  as  electrodes.  The  picture  of  this 
strean^  was  surrounded  by  interference  or  diffraction  fringes,  In  some  ways 
resembling  the  fringes  about  the  solid  points  themselves. 

The  principal  object  of  the  present  Investigation  was  to  study  the 
effect  of  a  magnetic  field  upon  this  stream  and  to  study  the  character  of 
the  particles  composing  it. 

The  apparatus  used  was  that  constructed  by  Prof.  Foley  and  Mr. 
Ilaseman  for  the  investigation  of  interference  fringes  about  a  point  dis- 
<*liarge,  air  streams,  and  vaiwr  streams.  It  consisted  of  a  wooden  tul>e 
(J.S7  meters  Icmg  (Fig.  1).  One  part  20.3x20.8x230  cm.  was  made  to  tele- 
scope over  another  part  15.2x15.2x457  cm.  This  provided  a  means  of  sepa- 
rating the  two  parts  for  adjusting  the  points  and  magnets.  Another  portion 
(K.,  Figs.  1  and  3)  containing  a  plate  holder  (F)  was  made  to  fit  over 
the  end.  The  tube  was  painted  a  dead  black  inside,  and  at  intervals 
scTeens  (Fig.  0)  were  placed  throughout  the  tube  so  that  no  light 
would  be  refiected  from  the  sides.  An  opening  was  made  in  the 
lower  side  of  the  tul)e  beneath  the  points  and  through  this  opening 
a  magnet  was  introduced  so  that  the  lines  of  force  were  per- 
I>endknilar  to  the  direction  of  the  line  of  discharge.  During 
the  latter  i)art  of  the  experiment  a  similar  opening  was  cut  in  tlie 
top  of  the  tube  and  a  second  magnet  placed  above  the  first  one  so  that  like 
poles  faced  each  other.  Figs.  4,  5,  6  and  8,  show  the  successive  attemi)ts 
to  increase  the  field  strength.  The  end  of  the  tube  (C)  was  closed  by  a 
cap  which  shut  out  all  light  excei)t  from  a  pin  hole,  as  shown  by  Fig.  2. 
A  circular  disc  with  holes  of  various  sizes  provided  a  means  of  regulating 
the  amount  of  light.  A  is  a  SW  arc  lamp,  the  crater  of  which  is  focussed 
on  the  pin  hole  by  the  lens  B. 

Light  was  shut  out  of  the  tube  by  placing  a  piece  of  black  card  board 
in  front  of  the  pin  hole.  When  a  photograph  was  to  be  taken.  If  the  dis- 
charge was  a  silent  or  brush,  the  slide  (S)  was  drawn  from  over  the 
plate,  and  after  the  tul>e  had  come  to  rest,  the  card  board  was  removed 
until  the  plate  was  sufficiently  exposed.  In  case  of  the  spark  discharge 
which  fogged  the  plate  if  exposed  too  long,  the  (»ard  board  was  first  re- 
moved and  the  exiwsure  made  by  withdrawing  the  slide. 

The  points  first  used  were  made  of  sharply  pointed  brass  pins  0.61 
mm.  in  diameter  and  3  cm.  long.  In  the  latter  part  of  the  experiment 
the   brass   pins   were    replaced    by   steel    millinery   needles   0.70   mm.    in 
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diameter  and  o.2  oui.  long.  They  were  soldered  into  the  ends  of  brass 
rods  0.5  cm.  in  diameter.  The  rods  were  placed  in  glass  tubes  and  held 
firm  by  sealing  wax  at  the  two  ends  of  the  tubes.  The  points  were  charged 
by  means  of  a  four-mioa-piate  Wagner  static  machine  (the  Leyden  jars 
had  been  removed),  which  was  r«n  by  an  electric  motor  with  a  rheostat 
in  circuit  for  regulating  the  speed.  The  rods  extended  through  the  sides 
of  the  camera  as  shown  by  (P)  Fig.  1,  so  that  the  points  were  near  its 
axis.  The  points  were  about  15.5  mm.  apart  for  the  first  three  series 
of  photographs  and  about  17  mm.  apart  for  the  last  four  series. 

For  the  first  series  of  photographs  the  magnet  extended  through  the 
lower  side  of  the  tube  directly  below  the  points  and  was  placed  so  that 
the  tops  of  the  pole  pieces  were  about  0.5  cm.  below  the  points.  When 
the  separable  pole  pieces,  Fig.  7,  were  used  they  were  covered  with  a  layer 
of  sealing  wax  about  3  mm.  thick  on  all  sides  except  the  one  facing  the 
magnet  cores,  to  prevent  sparks  passing  to  the  magnet  from  the  points. 

As  a  preparation  for  the  experiment  the  simpler  part  of  Precht's  work 
was  repeated  (I.  e.,  apparatus  was  set  up  containing  one  point  and  one 
blunt  electrode  in  the  same  position  shown  by  the  points  in  Fig.  6).  The 
deflection  of  spark,  brush  and  glow  discharge  were  easily  observed  in  a 
semi-darkened  room  when  a  transverse  field  was  produced  by  exciting  the 
magnets.  Some  cases  were  observed  in  which  the  discharge  was  trans- 
formed from  one  type  into  another,  but  no  measurements  were  made  of 
the  potential,  nor  determination  made  of  the  signs  of  the  charge  on  the 
points  to  see  if  they  accorded  with  the  results  given  by  Precht. 

The  magnets  and  points  were  then  placed  in  the  tube  as  described  and 
photographic  records  made  of  the  discharge.  The  silent  discharge  was 
first  studied.  To  produce  the  magnetic  field  a  permanent  horseshoe  mag- 
net was  first  used,  and  although  it  was  strong  enough  to  blow  out  the  arc 
of  an  arc  lamp,  the  photographs  taken  showed  no  deflection  of  the  stream. 
It  was  then  replaced  by  an  electro-magnet,  Fig.  5,  later  pole  pieces.  Fig. 
7,  were  placed  as  shown  in  Fig.  6,  and  finally  two  electro-magnets  placed 
in  opposition.  Fig.  8,  in  attempts  to  produce  a  field  sufficiently  strong  to 
deflect  the  stream.  The  magnets  were  weak  compared  with  those  used 
by  Precht  and  H.  E.  Schaeflfef.  The  field  measured  only  about  1,000 
gausses  as  used  In  Figs.  5  and  6,  and  only  about  1,500  gausses  as  used  in 
Fig.  8.  None  of  the  photographs  taken  of  the  silent  discharge  showed  any 
deflection  when  the  magnets  were  excited. 
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Seven  series  of  photographs  were  then  taken. 
A — Is  a  visible  sparls  discharge. 

B — Is  a  Brush  discharge  (a  violent  stream  extended  about  0.8  cm. 
from  the  positive  point.  The  negative  point  showed  only  a 
bright  speck). 
C — ^The  glow  or  silent  discharge.  (Nothing  was  visible  between  the 
l)ointa  in  the  darkened  tube.  Each  point  showed  a  bright 
speck.) 
D — Spark  discharge  representing  the  highest  speed  of  the  machine 

and  highest  potential  between  the  points. 
E — Spark  discharge,  representing  the  lowest  si)eed  of  the  machine  at 
which  a  visible  spark  passed  between  the  points.    A   lower 
speed  would  have  caused  the  spark  to  change  to  brush. 
F — Silent  discharge,  same  as  C. 

G — Silent  discharge,  same  as  C.  Deflected  by  a  stream  of  air  issu- 
ing from  below  the  points. 
Tlie  different  series  in  decreasing  order  of  their  potential  as  repre- 
sented by  the  relative  speed  of  the  machine  are  D.  A,  E,  B  (C,  F  or  G). 
Series  A,  B  and  C  were  taken  with  magnet  and  pole  pieces  as  represented 
in  Fig.  0.  The  magnetic  field  strength  was  about  1,000  lines  per  sq.  cm. 
in  the  region  of  the  i)oints.  The  i)oints  were  15.7  mm.  apart.  Series 
D,  E  and  F  were  taken  with  the  magnets  as  shown  in  Fig.  S.  The  mag- 
netic field  strength  in  the  neighborhood  of  the  points  was  about  1,500  lines 
per  sq.  cm. 

The  six  numbers  of  each  series.  A,  B,  C,  D,  E  and  F,  were  taken  In 
succession  as  rapidly  as  possible,  it  re«iuiring  20  or  30  minutes  to  complete 
the  series.  In  the  photograph  the  longer  stream  Is  the  one  from  the  posi- 
tive tenninal  and  the  shorter  one  the  stream  from  the  negative  electrode. 
If  the  positive  stream  is  from  right  to  left  it  is  designated  as  "first  direc- 
tion," if  from  left  to  right,  as  "second  direction."  Nos.  1,  2  and  H  then 
show  current  in  tlie  "first  direction,"  while  Nos.  4,  5  and  6  show  curreiit 
in  the  "second  direction."  If  the  magnets  were  excited  so  that  the  direr- 
tion  of  the  lines  of  force  were  from  the  front  to  the  back  of  tlie  photogi-aph 
(i.  e.,  after  correcting  for  the  reversal  in  direction  caused  by  printing 
from  the  plate),  the  direction  of  magnetism  is  designated  as  "first  direc- 
tion," and  those  with  the  lines  of  force  from  hsick  to  front  of  the  page  are 
designate<l  as  magnetized  in  the  "second  dire<*tion." 
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l*^)ll<>wiug  then  this  plan.  Nos.  1  and  4  show  tlie  current  when  the 
iiia<;uets  are  not  exeiteil.  Nos.  2  and  H  show  the  cnrrent  in  a  tlehl  of  the 
"first  direction,"  and  Nos.  li  and  (*»  show  it  in  a  field  of  the  "second  direc- 
tion/* It  may  be  observe<l  from  the  photographs  that  the  streams  In  series 
A,  B,  D  and  E  are  deflected  as  if  they  were  flexible  conductors  bearing  ii 
current,  in  so  far  as  direction  of  deflection  is  concerned,  tlius  indicating 
that  the  stream  is  one  of  chai-ged  particles. 

But  some  characteristics  of  the  photographed  stream  are  hard  to  ex- 
plain on  the  theory  that  the  air  is  ionized  and  that  tlie  stream  consists  of 
diargeil  i)article8.  The  glow  discharge  and  the  negative  stream  in  all 
cases  show  no  deflection  in  a  fleld  of  1,500  gausses.  Also  the  stream  goes 
in  a  straight  line  after  leaving  the  point  instead  of  following  a  curved  path 
to  the  opposite  electrode,  and  there  seems  to  be  no  connection  or  joining 
of  the  negative  and  i)ositive  streams.  In  some  ways  it  acts  as  the  air  and 
vaiK)r  streams  investigated  by  I*rofessor  Foley  and  Mr.  Ilaseman.  In 
case  of  the  silent  discharge,  where  the  machine  was  run  at  its  lowest  possi- 
ble speed  and  the  potential  was  the  lowest,  the  stream  retains  the  same  size 
as  far  as  it  can  be  traced.  In  series  B  there  is  not  much  change  in  the 
width  of  the  stream.  Series  E  shows  the  stream  growing  broader  as  the 
<listance  Increases  from  the  electrode.  Series  A  shows  a  still  greater 
broadening  and  D  an  even  greater  dispersion.  The  greater  pressure  in 
the  stretim  no  doubt  accompanies  the  greater  ijotential  dlfl'erence,  and 
therefore  accompanies  the  greater  dispersion  of  the  stream,  as  was  shown 
to  be  true  in  case  of  air  and  vapor  streams  by  Professor  Foley  and  Mr. 
Ilaseman.  Series  E  and  B  show  a  greater  deflection  than  any  other  series, 
mid  since  B  was  the  highest  potential  brush  dlsc^harge  and  E  the  lowest 
potential  spark  discharge  which  could  be  obtained  without  a  transforma- 
tion of  the  tyi)e  of  discharge,  the^e  few  photographs  indicate  that  the  great- 
est magnetic  deflection  is  produced  when  the  discharge  is  on  tlie  verge  of 
changing  from  one  tyi»e  into  the  other.  Enough  photographs  were  not 
taken  to  verify  this,  however. 

It  will  be  observed  In  Nos.  1  and  4  of  the  series  E  that  the  stream 
does  not  always  pass  along  a  line  directly  between  the  points,  even  when 
the  discharge  takes  place  outside  a  magnetic  field.  In  the  observations 
made  such  cases  were  in  a  minority,  the  discharge  as  a  rule  passing  di- 
rectly between  the  imlnts  or  nearly  so.  The  cause  of  its  deviati<m  in  the^o 
few  cases  was  not  learned. 
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Also,  very  often  when  adjusting  the  siieed  to  obtain  photographs  for 
series  B  and  E  the  discharge  would  change  from  one  type  to  the  other 
when  tlie  magnets  were  excited.  Precht  found  that  this  was  the  case, 
but  these  observations  can  hardly  be  compared  with  his,  since  point  elec- 
trodes were  used  in. this  case,  while  he  used  one  point  and  one  blunt  elec- 
trode. In  all  cases  observed  where  a  change  occurred,  if  a  brush  dis- 
charge in  a  nonmagnetic  field  passed  above  or  below  a  line  directly  be- 
tween the  points  as  shown  by  the  spark  discharge  E,  1  and  4,  and  the  mag- 
nets were  excited  to  deflect  the  stream  in  such  a  way  as  to  make  the  path 
of  discharge  sliorter,  it  changed  to  a  spark  discharge.  Or  if  a  spark  dis- 
charge imssed  dire<*tly  between  the  points  and  was  deflected  it  changed 
to  a  brush.  In  all  observed  cases  (possibly  25  or  30)  the  transformation 
could  be  explained  by  the  change  of  distance. 

The  series  G  shows  the  effect  of  an  air  current  on  the  path  of  dis- 
t  iiarge.  The  air  current  was  led  into  the  camera  through  the  bottom  side 
l)y  means  of  a  glass  tul>e  2.25  cm.  in  diameter  so  that  the  mouth  of  the 
glass  tube  was  2.2  cm.  below  the  points,  and  flowed  at  the  rate  of  about 
1,200  c.  c.  per  second.  Nos.  1  and  3  show  the  discharge  without  the  air 
current,  and  Nos.  2  and  4  show  deflection  by  the  air  current  It  differs 
from  the  deflection  produced  by  the  magnetic  field  in  that  the  greater  de- 
flection  here  is  with  tiie  negative  stream.  This  indicates  that  the  pressure 
is  not  as  great  in  the  negative  stream  as  in  the  iK)sitive,  which  agrees  with 
the  work  of  'S.  Arrhenius,  wlio  measured  the  torsion  produced  by  a  sus- 
pended wire  cross  with  points  bent  at  right  angles  to  point  in  the  same 
direction  and  f(»und  that  the  torsion  prmiuced  by  the  negatively  charged 
wire  was  less  tiian  the  positively  charged  wire,  which  was  more  clearly 
shown  the  lower  the  potential.  (Note — It  was  intended  to  show  a  irtioto- 
grapli  with  current  in  second  direction,  deflected  by  an  air  current.  Q  4, 
which  should  have  shown  this,  shows  a  current  in  the  same  directicm  as 
(i  2,  which  was  due  to  a  reversal  of  polarity  of  the  machine.  The  error 
was  not  ol)served  until  the  apiwiratus  was  tern  down.) 

Series  H  shows  photographs  of  the  points  when  the  poles  of  the  ma- 
ciiine  were  placed  close  enough  for  a  spark  to  |)ass  l)etween  them.  It  was 
found  that  wlien  a  spark  passed  between  the  poles  of  the  machine  there 
was  a  violet  stream  (brush)  l)etween  the  points.  This  violet  stream  did 
not  usually  pass  direitly  fri.ni  one  point  to  tlie  other,  but  was  curved  with 


»  8.  Arrhenius  (Anna!.  Phys.  CUem.  63,  pp,  305  313),  1897. 
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the  two  ends  connected  to  the  needles,  not  always  at  the  points.  When 
the  magnets  were  excited  there  was  no  deflection  observed  in  a  field  of 
1,500  gausses.    The  photographs  talceu  show  nothing  between  the  points. 

Before  patting  on  the  cap  containing  the  plate  to  take  the  photographs 
in  series  D  a  pencil  drawing  was  made  of  the  general  form  of  each  spark 
as  seen  from  the  end  of  the  tube.  Fig.  10  is  a  blue-print  taken  from  these 
drawings,  which  shows  that  the  direction  of  the  spark  as  it  leaves  the 
electrode  has  the  same  direction  as  the  photographed  stream. 

The  width  of  the  streams  was  measured  in  the  proximity  of  the  point 
with  a  micrometer  microscope,  and  it  was  found  that  the  width  was  inde- 
I>endent  of  the  potential  between  the  points.  The  measurement  was  inade 
between  the  outer  edges  of  the  central  dark  band.  It  will  also  be  noticed 
in  series  D  that  the  negative  stream  is  almost  as  plain  and  almost  as  long 
as  the  positive  stream. 

The  photographs  of  series  E  show  plainly  the  interference  fringes  as 
described  by  Professor  Foley.  Although  no  special  pains  were  taken  to 
show  these  fringes  in  any  of  the  work,  one  or  two  can  be  seen  on  each 
photograph. 

SUMMARY  OF  RESULTS. 

1.  The  positive  stream  between  the  points  for  a  spark  or  brush  dis- 
charge was  deflected  by  a  magnetic  field  as  low  as  1,000  gausses,  the  direc- 
tion of  deflection  being  in  accordance  with  electro-dynamic  laws. 

2.  The  stream  for  glow  discharge  and  the  negative  stream  In  any  case 
were  not  deflected  by  a  field  of  1,.500  gausses. 

3.  The  dire(*tion  of  the  photographed  stream  for  a  spark  discharge 
as  it  leaves  the  point  is  the  same  as  the  visible  direction  of  the  spark. 

4.  The  size  of  the  stream  at  the  points  is  independent  of  the  potential 
l)etween  the  points. 

5.  The  stream  was  deflected  by  an  air  current,  the  negative  being  de- 
flected more  than  the  positive. 

6.  The  stream  for  the  high  potential  spark  increased  in  width  as  the 
distance  from  the  point  increased,  while  the  stream  for  the  glow  discharge 
retained  Its  original  size  as  far  as  it  could  be  traced. 

7.  Some  of  the  data  indicate  that  the  stream  photographed  is  one 
of  the  ionized  air  particles,  the  stream  as  a  whole  having  an  index  of  re- 
fraction diflTerent  from  that  of  the  surrounding  air,  due  to  Its  j>ressure. 

[16—23003] 
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If  this  Is  the  case,  however,  the  silent  ctlscharge  stream  and  the  nejcatlve 
stream  should  have  been  deflecte<l  also.  'Phis  might  possibly  be  done  witli 
ji  stronger  field.  Also,  the  stream,  if  it  consists  of  charged  particles,  sliould 
terminate  (m  the  oi)f)osite  electrmle.  which  is  very  sehbuu  the  case. 


The  above  investigation  was  suggested  by  Professor  Arthur  L.  Foley 
of  Indiana  University.  I  wish  to  thank  him  and  Professor  R.  U.  Uamse.i 
for  their  helpful  suggestions  during  the  course  of  the  Investigation. 

Physics  Laboratory  of  Indiana  University. 
Bloomington,  Ind. 
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The  Tenacity  of  Gelatine. 

[Publication  No.  35.] 


By  Arthur  L.  Foley. 


Some  years  ago  the  author  called  attention  to  the  fact  that  the  co- 
hesive forces  of  gelatine  must  be  considerably  greater  than  those  of  glass 
in  order  that  a  single  drop  of  gelatine  in  drying  and  contracting  on  a  glass 
plate  may  pull  a  ring  or  disk  of  glass  from  the  plate.*  The  forces  here 
exhibited  are  apparently  greater  than  shown  in  the  common,  though  not 
well  known,  process  of  producing  chipped  glass  by  flowing  a  pane  of  glass 
with  gelatine  and  allowing  the  gelatine  to  dry.  Inasmudi  as  the  author 
could  not  find  In  any  of  the  literature  at  hand  any  recorded  values  of  the 
tensile  strength  of  gelatine,  he  requested  one  of  his  students  to  attempt 
to  determine  its  value.  Several  plans  were  tried,  the  one  giving  the  best 
results  being  as  follows: 

Gelatine  threads  were  drawn  out  between  the  ends  of  small  wooden 
sticks  (about  the  size  of  a  match)  after  dipping  one  end  of  each  in  melted 
gelatine.  The  diameter  of  a  thread  was  varied  by  varying  the  size  and 
temperature  of  the  gelatine  drop,  the  thickness  of  the  fluid,  the  length 
of  the  thread  and  the  time  spent  in  drawing  it  To  the  other  end  of  the 
w(M)den  sticks  there  had  been  Attached  previously  small  wire  hooks  for 
suspending  the  upper  end  of  the  threads  and  for  attaching  a  small  cloth 
sack  to  the  lower  end.  Into  this  s^ick  dust  shot  were  slowly  run  until  the 
thread  broke.  The  cross-section  of  the  thread  was  then  measured  at  the 
IM)iut  of  break. 

When  the  section  of  a  thread  was  regular  Its  cross-set  ion  was  cal- 
culated from  the  diameters  measured  by  a  micrometer  microscope.  Threads 
of  Irregular  cross-section  were  placed  under  a  micro8coi)e  with  a  camera 
lucida  attachment  and  a  tracing  made  of  the  perimeter.  The  area  of  the 
tracing  was  measured  with  a  planlmeter  and  the  area  of  the  section  of 
tlie  thread  itself  calculated  from  the  known  magnifying  power  of  the 
iuicrosco]>e  and  attachment. 

When  glass  threads  are  drawn  they  are  usually  almost  cylindrical, 
(gelatine  threads  also  are  probably  approximately  cylindrical  at  the  time 


'  Note  on  tbe  Molecular  Forces  in  Gelatine.     Science,  Vol.  28,  p.  790,  May  18. 
1906. 
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of  drawing,  but  they  are  not  so  after  hardening  and  drying.  The  cross- 
section  usually  becomes  quite  irregular.  This  indicates  a  condition  of 
internal  strain  which  acts  to  lower  the  breaking  strength  of  the  thread. 
Coarse  threads  would  be  subject  to  greater  strains  than  fine  threads,  and 
therefore  we  should  expect  them  to  show  a  smaller  tensile  strength  than 
the  fine  threads.  This  is  in  accord  with  the  results  of  experiment  as 
shown  by  the  data  of  Table  I. 

TABLE  I. 


Cross  Section  in 

Brcakmx  Strength 

Tensile  Strength  in 

sq.  mm. 

in  grams. 

Kgm. 

per  sq.  cm. 

.000835 

27.6 

3,305 

.000919 

21.5 

2.340 

.001002 

21.1 

2.106 

.001334 

37.2 

2,778 

.001670 

35  0 

2,096 

.002610 

58.2 

2,230 

.004524 

96.5 

2,133 

.006729 

138.1 

2,052 

.013920 

211.4 

1,519 

.035900 

400.1 

1,114 

. 130300 

800.0 

614 

.264900 

2,850.0 

1,076 

.608900 

5,600.0 

919 

1.709200 

6,100.0 

357 

Inasmuch  as  the  error  in  measuring  the  breaking  strength  of  any  par- 
ticular thread  was  relatively  small  and  all  strains  tended  to  decrease  that 
strength  as  measured,  I  have  included  in  Table  I  only  maximum  readings; 
that  is,  readings  which  gave  the  greatest  values  of  the  tensile  strength  for 
the  several  sizes  of  threads.  Average  readings  gave  results  some  twenty 
per  cent  lower. 

Curve  A  of  Fig.  1  is  a  plot  of  some  of  the  individual  maximum  read- 
ings of  Table  T.  It  will  be  observed  that  the  measured  tensile  strength  in- 
creases very  rapidly  as  the  threads  are  made  thinner.  A  similar  increase 
takes  place  in  wires  and  glass  threads,  and  is  attributed  to  a  "skin  effect." 
This  Increase  Is  shown  in  Curve  B.  Fig.  1,  which  represents  the  results  ob- 
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tained  by  drawing  out  glass  threads  and  determining  their  tensile  strength 
by  the  method  already  described.  That  the  increase  in  the  case  of  glass 
threads  was  due  in 
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part  only  to  the  "skin 
effect"  was  Indicated 
by  the  fact  that 
the  tensile  strength 
measure  ments  for 
threads  of  different 
sizes  were  made  more 
nearly  uniform  by 
care  fully  annealing 
the  threads.  This  was 
done  by  hanging  the 
threads  in  a  verti- 
cal iron  tube  with  a 
small  weight  at- 
tached to  the  lower 
end  of  each  thread 
to  keep  it  straight 
The  entire  tube  was 
then  brought  to  a 
temi)erature  slightly 
below  the  melting 
point  of  glass  and 
maintained  at  that 
temperature  for  one 
hour,  after  which  it  was  allowed  to  cooj  slowly  in  the  aHl)esto8  jacket  sur- 
rounding it. 

An  attempt  wjis  made  to  anneal  the  gelatine  threads  by  hanging  them 
in  a  moist  atmosphere  in  an  enameling  oven.  Various  oven  temperatures 
were  tried  with  little  [)ermanent  effect  on  the  threads.  The  author  in- 
i-lines  to  the  view  that  the  "skin  effect"  does  not  account  for  the  larger 
values  of  the  tensile  strength  shown  by  the  finer  gelatine  tlireads,  but  that 
it  is  due  chiefly  to  the  cause  already  suggested — the  greater  uniformity  in 
the  finer  threads. 
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The  highest  value  of  the  tensile  strength  obtained  for  glass  threads 
was  3,652  kilograms  per  square  centimeter,  while  the  maximum  for  gela- 
tine threads  was  3,305  kilograms  per  square  centimeter.  It  is  evident  that 
these  values  cannot  represent  the  true  values  or  the  relative  values  of  the 
tenacity  of  glass  and  gelatine.  It  may  be  that  the  internal  strains  set  up 
In  the  gelfitine  threads  were  such  that  the  tensile  strengths  as  determined 
in  this  experiment  were  always  too  low.  Or  it  may  be  that  the  "skin 
effect"  in  glass  threads  gave  values  far  beyond  the  tenacity  of  glass  In  a 
plate.     Further  experiments  along  this  line  are  in  progress. 

The  strength  of  the  gelatine  threads  was  found  to  Increase  for  a  few 
hours  after  drawing,  and  then  to  decrease — especially  when  the  thread  was 
exposed  for  a  day  or 
two  to  a  dry  atmos- 
phere. Impurities  tend- 
ed to  weaken  the 
threads.  Curve  A  of 
Fig.  2  showing  the  ten- 
sile strength  of  threads 
of  ordinary  glue.  Curve 
B  those  of  gelatine  con- 
taining six  per  cent  of 
potassium  chlorate,  and 
Curve  C  those  of  sup- 
posedly pure  gelatine. 
Gelatine  containing  six 
per  cent  of  ^  potassium 
alum  gave  a  curve  sim- 
ilar to  Curve  B;  that 
Is,  the  tensile  strength 
of  the  gelatine  was  di- 
minished by  the  salt  Sfcin, 
Still  it  must  be  greater 
than  the  tenacity  of  the 
glass,  for  in  chipping 
glass  about  six  per  cent 
of  some  easily  crystal- 
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lizable  salt  is  mixed  with  the  glue  in  order  to  produce  the  peculiar  fern- 
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like  forms  which  give  chipped  glass  its  deoorfttlve  effect.  Evidently  there 
are  forces  involved  here  otlier  than  cohesion  and  adhesion,  as  these  terms 
are  commonly  used. 

Most  of  the  experimental  work  of  this  investigation  was  done  hy  Mr. 
Elmer  J.  Harrel,  now  of  the  high  school  of  St.  Paul,  Miiui. 

Physics  Laboratory  of  Indiana  University. 
Bloomington.  Ind 
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Ep^fect  of  Certain  Dissolved  Salts  Upon  the  Cohesion  of 

Water. 


By  Edwin  Morrison. 


Cohesion  is  defined  as  "that  force  which  holds  molecules  of  the  same 
kind  together."  This  force  is  very  manifest  in  all  solids,  giving  rise  to 
such  properties  as  hardness,  brittleness,  malleability,  ductility,  tensile 
strength,  etc.  Although  not  so  apparent, 
all  liquids  manifest  the  same  kind  of  an 
attractive  force  between  molecules.  Sur- 
face tension  and  the  phenomenon  of  capil- 
larity are  due  in  a  measure  to  cohesion 
of  the  molecules.  That  molecules  of  water 
are  held  together  by  means  of  cohesion 
can  be  demonstrated  by  bringing  a  clean, 
horizontal  disk  of  glass  in  contact  with  ^*fi^*  ^• 

the  surface  of  water  and  then  adding  sufficient  force  to  pull  the  disk  away 
from  the  water.  In  case  the  surface  of  the  disk  is  wet  when  it  comes 
away  from  the  water  we  know  that  the  force  applied  has  separated  two 
films  of  water,  each  equal  in  area  to  that  of  the  disk. 

Probably  Gay-Lussac  first  experimented  upon  this  force  and  estab- 
lished the  commonly  accepted  data  of  520.875  dynes  per  square  cm.  Gay- 
Lussac  used  a  glass  disk  supported  by  three  guy  cords  as  shown  in  Fig.  1. 

The  author  designed  and  constructed  a  piece  of  apparatus  for  measur- 
ing cohesion  of  water  and  other  liquids  and  reported  the  same  to  the  Iowa 
Academy  of  Science  in  1904.  This  apparatus  consists  of  a  round  glass  disk 
10.G898  cm.  in  diameter  mounted  upon  an  accurately  constructed  cone  10.5 
cm.  high,  with  an  eyelet  In  the  apex  for  suspending  the  cone  from  the  hook 
of  a  specific  gravity  balance.    A  cut  of  this  apparatus  is  shown  in  Fig.  2. 

In  1905  the  author  carefully  worked  out  and  reported  to  the  Iowa 
Academy  of  Science  the  value  of  the  cohesion  of  water  as  follows: 


Dflta.— Diameter  of  the  glass  disk. 

1  Measurement lO.'iiiiJc: 

2  MeaBuremciit IO.(l9Sc 

it  Measurement 10.727  c: 

4  Measurement I0.(i04c 

5  Measurement lO.lUSfi 

6  Measm-eiiicnt 10.fj74c: 

7  Measurement I0.702ci 


Average 10.6898  cm. 


Pit- 2. 

Test  No.  1, — The  numt>er  of  gi'ama  to  separate  tbe  disk  from  water 
lit  4°  C. 

Trial  1 48.725 

Trial  2. 48.730 

Trial  3 4S.725 

Trial  4 48.733 

Average 48.728 
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Test  No.  2. — The  number  of  grains  to  separate  the  disk  from  water 
at  7**  C. 

Trial  1 48.710 

Trial  2 48.715 

Trial  a 48.725 

Trial  4 48.730 

Average 48.720 

Test  No.  3. — ^The  numl)er  of  grams  to  separate  the  disk  from  water 
at  7**  C. 

Trial  1 48.630 

Trial  2 48.640 

Trial  3 48 .655 

Trial  4 48.675 

Average 48.650 

The  diameter  of  the  disk  being  10.()81)8  cm.,  the  radius  being  5.3449 
cm.,  the  area  is  89.7200  square  cm.  In  the  first  test  given  above  it  required 
0.5431  g.  to  separate  one  square  cm.  of  water.  In  the  second  0.5430  g. 
and  in  the  third  0.5421  g.  The  average  of  the  three  tests  is  0.5427  g.  i>er 
square  cm.,  which  is  equal  to  531.846  dynes  per  square  cm. 

In  comparing  these  results  with  those  of  Gay-Lussac  we  find  that  he 
used  a  disk  which  was  11.86  cm.  in  diameter,  and  that  it  required  49.40  g. 
to  separate  the  disk  from  water,  or  526.875  dynes  per  square  cm. 

At  this  point  it  may  be  well  to  state  the  precautions  taken  in  the  ex- 
I)eriment.  First,  in  order  to  insure  that  the  water  used  was  chemically 
pure,  ordinary  laboratory  distilled  water  was  redistilled  in  Jena  glass 
vessels  In  the  presence  of  sulphuric  acid  and  potassium  dichromate.  Sec- 
ond, the  disk  was  thoroughly  cleansed  by  washing  in  a  solution  of  po- 
tassium dichromate  and  sulphuric  acid;  tlien  in  alcohol;  then  the  disk 
was  dried  in  a  current  of  air  and  washed  again  in  redistilled  water.  Third, 
a  delicate  laboratory  balance  with  a  rider  weight  was  used  in  the  experi- 
ment 

At  the  time  the  above  data  on  the  cohesion  of  water  was  worked  out 
it  was  suggested  that  certain  dissolved  salts  have  a  marked  effect  upon 
the  cohesion  of  water.     It  is  the  purpose  now  to  note  some  of  these  effects. 

A  number  of  solutions  of  certain  salts  in  distilled  water  have  been 
tested  by  means  of  the  same  glass  disk  as  used  in  the  cohesion  of  water 
experiment.    The  tirst  solution  tested  was  that  of  sodium  chloride.     Six 
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solutions  were  prepared  by  dissolving  each  of  tlie  following  number  of 
grams  of  salt  in  200  eo.  of  distilled  water :  7.82  g.,  15.04  g.,  81.28  g.,  4(i.l)2  g., 
62.56  g.,  72  g.  (saturated  solution). 

Six  solutions  eacli  of  eopi)er  sulphate  and  sugar  were  preimred  in  the 
same  way  as  in  the  case  of  sodium  chloride,  and  each  solution  was  tested 
f<»r  the  numl)er  of  grams  to  separate  the  liquid  films. 

The  results  for  the  eighteen  different  solutions  are  tabulated  as  fol- 
lows: 

First. — The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  7.82  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

42.46 
42.50 
42.50 

4S.40 
48.46 
48.47 

48.50 
48.52 
48.48 

Mean. 

42.48 

48.44 

48.50 

Second. — The  numl>er  of  grams  to  separate  the  disk  from  the  solution 
when  15.64  g.  of  each  of  the  three  materials  were  dissolved  in  200  cc.  of 
water. 


Sugar. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

1 
2 
3 

42.15 
42.00 
41.95 

49.20 
49.30 
49.35 

Mean. 

42 .03 

49.28 

50.50 
50.52 
60.51 


50.51 


Third. — The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  31.28  g.  of  each  of  the  three  materials  were  dissolved  in  200  ec.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

46.39 
46.30 

50.35 
60.37 
50.36 

61.60 
57.49 
61.51 



Mean. 

46.346 

50.366 

51.60 
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Fourth. — ^The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  46.02  g.  of  each  of  the  three  materials  were  dissolved  in  200  ce.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

50.00 
60.02 
50.01 

51.00 
51.05 
51.07 

53.10 
53.10 
53  60 

Mean. 

50.01 

51.06 

53.26 

Fifth. — ^The  number  of  grams  to  separate  the  disk  from  the  solutions 
when  62.56  g.  of  each  of  the  three  materials  were  dissolved  in  200  ec.  of 
water. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 
2 
3 

50.90 
50.85 
61.05 

51.50 
51.46 
51.25 

55.70 
55.80 
55.75 

Mean. 

50.90 

51.46 

56.75 

NoTB.    TYne  copper  sulphate  solution  was  a  saturated  solution. 

Sixth. — ^The  numl>er  of  grams  to  separate  the  disk  from  the  solutions 
when  each  of  the  three  materials  were  saturated  solutions  at  the  normal 
temperature. 


Trial. 

Sodium 
Chloride. 

Copper 
Sulphate. 

Sugar. 

1 

60.92 
51.05 
50.90 

57.00 

2 

56.95 

3 

67.10 

Mean. 

50.96 

51.46 

56.99 

These  results  for  each  of  the  three  dissolved  salts  may  be  plotted 
graphically  by  using  the  number  of  grams  concentration  as  abscissas  and 
grams  to  separate  the  disk  as  ordinates. 
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Conclusions. — First,  the  above  dntn  seem  to  Indicate  that  within  cer- 
tain limits  the  cohesion  of  water  with  dissolved  salts  in  It  Is  a  function 
of  the  concentra- 
tion. 

Second,  as  far 
as  tested  all  di- 
lute solutions  of 
salts  In  water  ren- 
der the  cohesion 
of  the  solution 
less  than  that  of 
pure  water. 

Third,  so  far  as 
tested  the  dilute 
strongly  basic 
salts  produce  a 
greater  decrease 
In  the  cohesion  of 
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the  solution  from  that  of  pure  water  than  the  nonbasic  salts. 

Fourth,  it  is  also  noted  that  before  the  point  of  saturation  is  reached 
in  the  strongly  l)aslc  solutions,  Increased  concentration  does  not  produce 
increased  cohesion. 

Tests  are  In  progress  with  various  other  salts  than  the  ones  referred 
to  above.  Also  tests  are  in  progress  In  which  other  solvents  than  water 
are  being  used. 

Earlham  College, 
Richmond,  Ind. 


Some  Features  of  Delta  Pobmation. 
Bf  Charleb  R.  Dbybr. 

In  August  nnd  September.  1902,  the  writer  npent  some  weeks  among 
the  western  Finger  lakes  In  Livingston  ttad  Ontario  counties,  New  York. 
Along  the  sliores  of  Hemlock  Lake  his  attention  was  attrftcted  by  many  re- 
cently formed  deltas  which  seemed  tit  present  unusual  features.    Each 
delta  wuB  a  semi-clrcnlar  pile  of  fine  shale  shingle  symmetrically  arranged 
around  the  month  of  a  little  gully  formed  by  ii  wet  weather  Htream.    "nie 
level  to|i  stood  about  two  feet  atxive  the  lake  surface  ant]  was  bounded  by 
a  bank  of  shale  which  sii^ied  downward  nlKiut  three  feet  In  six  to  a  mud 
line  under  water.     The  wash  of  waves  had  cut  at  the  top  of  the  slope  a 
Terticnl  clllT  six  Inches  high.    The  land  Hide  was  bounded  hy  a  very  steep 
bank  of  stratified  Hhale,  a  por- 
tion of  the  general  lake  shore, 
which  is  almost  everywhere  pre- 
I'ipitiins.     Prom  the  mouth  of 
the  gully  a  grooTe  a  foot  wide 
imd  six   inches  deeii  extended 
straight  nut  halt  way  or  inure 
across  the  top  of  the  delta,  bill 
In  no  ease  reached  the  water's 
e<lge.      Along   the   sides  of   tlif 
groove  lay  sticks  of  wood  and 
fragments  of  shale  of  relatively 
large  size.     One  medium  sized 
delta  measured  thirty-one  feet 
by  twenty-six  In  diameter.    No 
camera  was  at  hand,  but  xketches  were  made  from  which  a  rough  model 
was  coustmcted  and  photographed,     (Fig.  1.) 

The  Interpretation  of  the  phenomena  seemed  plain.  These  deltas  were 
baiit  during  an  exceptionally  violent  storm  which  Blled  the  gully  with  a 
rushing  torrent  and  raised  the  level  of  the  lake.  The  force  of  the  stream 
was  abruptly  checked  at  lake  level  and  its  load  was  deposited  In  the  form 
of  a  fan-like  delta.    Toward  the  Inst  of  the  storm  the  stream  striking  ttxe 
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flat  top  of  the  delta  dug  out  the  groove  for  a  few  feet,  but  was  deflected 
upward  and  spread  out  into  a  thin  sheet  before  reaching  the  edge.  This 
interpretation  was  confirmed  by  the  records  of  rainfall  and  lake  level  kept 
by  the  Rochester  water  works  at  the  foot  of  the  lake,  which  is  the  source 
of  public  supply  for  that  city.    These  records  are  as  follows : 


DaU. 

Hours. 

RainfaU. 

Lake  Lnd  Alnm  Ddtum. 

Julys 

•*     6 
..     7 

"     8 
•*    18 
-   19 

•♦   22 

12:30-7K)0  p.  m. 
In  the  night. 
10.-00-11-00  p.  m. 

SidthiiKW'i.'m.' 
In  the  night 
2.-00-6K)0  p.  ro. 
In  the  night 

.921  in. 
2.349  " 
.546  •* 

.ioi  •• 

1.397" 
.607  " 
.864" 

1.736  ft 
2.926  " 
3.106  •• 
3.126  - 
2.176  *' 
2.296  '* 

3.186  " 

These  deltas  were  begun  during  the  heavy  rains  of  July  5-7,  when 
3.81G  inches  of  rain  fell  and  the  lake  rose  1.39  feet,  most  of  the  work  being 
done  in  the  night  of  July  6,  when  2.35  inches  of  rain  fell.  They  were  com- 
pleted July  18-20,  when  2.97  inches  of  rain  fell  and  the  lake  rose  1.01  feet. 
These  miniature  torrential  deltas  furnish  suggestions  for  the  interpreta- 
tion of  similar  but  larger  features  which  mark  the  shore  lines  of  the  tem- 
porary glacial  lakes  formerly  occupying  the  Finger  lake  valleys. 

A  similar  flat-topped,  steep-sided  feature  caught  the  writer's  eye  on 
the  east  side  of  Honeoye  Lake.  Projecting  from  the  steep  hillside  like  a 
bracket  it  rose  200  feet  above  the  lake,  suggesting  by  its  bold  and  sym- 
metrical outlines  an  artificial  origin  similar  to  that  of  the  dump  pile  of  a 
mine  (Fig.  2).  It  proved  to  be  a  torrential  delta  built  at  the  mouth 
of  Briggs  gull.  Its  finely  cuned  front  8loi>e,  about  150  high,  is  as  steep 
as  the  material  will  lie.  Its  fiat  top  is  traversed  by  a  channel  twenty  feet 
wide  and  three  feet  deep  which  extends  to  the  edge  and  is  continued  by  a 
similar  groove  in*the  steep  face.  The  southern  side  cut  away  by  the  main 
stream  shows  characteristic  foreset  beds  of  sand  containing  large  frag- 
ments of  shale  near  the  top.  Briggs  gull  now  drains  a  basin  of  about  six 
square  miles.  A  heavy  rain  with  rapid  melting  of  ice  or  a  sudden  diversion 
of  drainage  by  the  breaking  of  an  ice  dam  in  glacial  times  may  have  en- 
abled the  stream  to  build  this  delta  in  a  few  days  or  weeks.  Briggs  delta 
helps  to  account  for  the  anomalous  distribution  of  glacial  lake  deltas. 
Similar  features  are  numerous  in  the  Finger  lake  valleys.  Not  their 
presence  but  their  absence  from  the  former  mouths  of  many  streams  seems 


Ihe  cblef  problem.  Why  do  not  deltas  occur  on  all  of  tbe  bundreda  of 
streams  tbat  score  tbe  valley  sides?  Why  did  one  stream  a  mile  or  two 
long  build  a  delta  a  few  rods  In  area  wblle  a  mncb  longer  stream  near  by 


FiB.  i.    BrisBS  I>«IU.        A.   From  below.         B.    From  thovt. 

built  none?  The  answer  eeeuis  to  be  that  such  features  liave  no  prolonged 
history,  but  owe  their  existence  to  a  single  local  and  brief  accident  of 
drainage  which  did  not  affect  neigblKirlng  streams. 

(17— ssocnj 


'  Iip  iKrinwl  ilHtu  iir  thin  diiMN  (iliNervwl  hi  tlic  n'Kion.  iit  ItrlHtol  SpriiiK" 
on  tlie  west  xiik  uf  t\w  ('iiii)iiuiiiluiiii  Itiki?  vnlley.  wns  Imllt  In  Mio  Nii|'l»'- 
Mkltllexex  (^ncliil  Inke  nt  one  nearly  stiitie  or  hIiiwI.v  HUliRldiiit;  level.  The 
I<i|i.  iilHiiit  one-hulf  by  one-qiitirler  of  ii  mile  In  iiren.  Ih  siiKiotli  mill  gently 
Ki<>|iint!  fiirwiird  froni  the  l.ax)  (i>  tbe  l.lOO-fnot  level.  The  anrfiice  inii- 
terial  \n  very  course,  iimtiiliiitiic  iiiiuuled  iiiblileH  up  to  »\k  incben  In  illiiiii- 
eter.  iiften  with  little  fldmi.Ntiire  of  tiiier  itetllnieiit.  This  deltti  was  hull) 
l>y  a  atream  from  the  Bristol  valley,  whieb  iluring  the  proeess  lUHRt  hiive 
(Intinetl  a  loaded  ii-e  lobe  iind  not  a  lake. 

Rneh  HiiD|ite.  Qat-tniipe<l,  Htee|i-sid(^l  deltnn.  rexeniblliii:  the  bastion  »f 
a  fort  or  an  abutment  preparei]  by  a  daring;  en((liieer  from  which  to  sprinir 


FlK.  3.    Naples  Deltk.   T«o  Upper  L.evels.    A  kettlehnle  la  the  wcKids. 

the  iircb  of  a  bridge,  ni-e  fiii-med  raplilly  by  strong  or  torrential  Ktreanis 
and  are  tinniK)sed  of  relatively  niarw  materials.  Fnan  their  strikinK  and 
chnrnt'terlstlc.'  form  and  i>ositloih  they  may  be  cnlled  brafki't  deltas. 

Uarllnghouse  delta,  a  few  ntlles  xouth  of  Xaiiles.  <1<ieB  not  project  like 
a  bastion  from  tbe  face  of  the  valley  wall  but  fills  a  niche  a  mile  deep 
nndhalf  a  mile  wide  the  walls  of  which  rise  sharply  "jOO  feet  above  Its 
surfai-e.  The  nlihe  u  w  recedes  tw  j  r  three  Inwigniflciint  brooks,  bul  ime 
of  them  comes  from  gi  |  iu  the  null  which  opens  northward  to  the  n|>|>er 
Honeoye  valley.  1  bis  Ka\  \  r  bahU  nee  transniltfed  a  strong  strenm  fnmi 
tbe  ice  fnint  but  i  fe«  miles  distint  This  delta  may  be  the  only  one  of 
Its  kind,  and  If  so  bel  ngs  In  a  cla'ts  by  Itself — that  ot  niche  deltai. 


Coinpiiund  deltns  h  ilt  nt  «e  cnil  iliffei-eiit  ipvelB  nre  numerous  iu  tlie 
FiiiK^r  liike  rcKlim.  <  <  lei  dettii  neiir  lltiiKii.  11  Hue  s]>e('luieii  nt  tlit* 
iyi>e,  rises  fi'iiui  the  (  y  j.  Hey  to  a  height  of  700  feet  like  11  uluiit  Htiilr- 
rane  at  seven  steep,  (.  e  Isers  nnd  an  iii:iiiy  flat  treitilM,  eiioh  of  wblcli 
huH  been  evenly  l>lsect»I  by  the  streiim.  Such  deltas  are  formed  In  waters 
the  level  of  which  Is  alteroatety  standing  and  fallli^,  the  upper  step  belni; 
the  oldest.    They  muy  be  dlstlnguitihed  as  utrp  deltas. 

The  delta  above  Naples  rises  400  feet  and  has  a  basal  i^rlphery  of 
more  than  two  nillea.  (Kig.  .'t).  Seven  levels  are' distinguishable,  of  whleh 
the  upper  three  are  the  most  conspicuous.    The  ffreater  part  of  its  mass 


Fis.  (.    PilMi  Surface  of  Moninal  I>elM. 

was  brought  by  a  stream  which  flowe<1  out  of  the  Honeoye  valley  from  the 
west  and  was  the  outlet  of  the  glacial  Iloneoye  Lake.  Streams  which  ticiw 
out  of  lakes  cannot,  an  a  rule,  hare  sumdent  load  t»  build  large  deltas, 
and  the  question  at  once  arises,  bow  could  the  outlet  of  a  lake  build  one 
In  tbis  case?  Its  const ructi tin  was  not  a  matter  of  a  brief  period  but  con- 
tinued through  the  whole  life  history  of  the  Naples-Mid<tlesex  glacial  lake. 
Into  which  the  stream  emptied.  The  presence  of  this  delti)  Is  evidence, 
no  far  as  It  goes,  that  during  (hat  iwrlod  no  lake  existe<i  Iu  the  Honeoye 
valley.  The  area  of  the  land  which  ctiuld  hiive  been  drained  to  this  delta 
is  Inslgnitlcnnt,  and  we  are  apiwirently  forced  to  the  conclusion  that  it  was 
hullt  by  draluage  fri>m  a  drift-loaded  Ice  mass.    This  inference  Is  sustained 


'-I 


b7  ttie  occurrence  upon  the  Iilgheet  level  of  a  sbHip  kettle  hole  300  feet  In 
dinmeter  nnd  25  feet  deep,  marking  the  place  where  a  detacbed  Ice  block 
»<tTanded  and  melted. 

Tbe  occurrence  of  kettle  holes  In  deltas  Is  not  uncommon.'  A  remark- 
nhle  cnae  of  this  kind  haa  been  described  by  tbe  tvrlter  where  an  area  of 
ten  acres  of  delta  surface  Ib  thickly  pitted  vrith  small  kettles.'  <Fig.  4.) 
TlilB  delta  Is  the  joint  product  of  a  land  stream  and  a  valley  glacier  which 
contributed  ice  blocks  and  an  undetermined  portion  of  the  permanent  ma- 
terial. There  are  probably  many  intermediate  forms  between  such  a 
iiioiainal  ilrlla  and  one  dne  wholly  to  streanr  work. 


FIk.5.    Outer  Fkce  of  Monlnal  DeltB.       Fan  In  front  of  Dot«h. 

When  lake  waters  are  withdrawn  the  bisection  of  a  delta  may  result  in 
the  formation  of  an  alluvial  fan  In  front  of  It  This  gives  a  characteristic 
combination' of  notched  delta  and  fan.  (Fig.  5),  The  tan  of  Mill  Creek  at 
Ibe  foot  of  Honeoye  Lake  Is  a  mile  in  diameter,  and  la  re^vonalble  for  the 
existence  of  the  lake,  to  which  It  acts  as  a  dam.  The  fan  of  Canadlce  out- 
let bears  a  similar  relation  to  Hemlock  Lake,  which,  however.  Is  too  deep 
to  owe  Its  existence  wholly  to  that  cause. 

Deltas  occaaloQally  take  the  form  of  loi^,  narrow  ridges  upon  one  or 
both  sides  of  a  stream,  resembling  tbe  natural  levees  In  "the  goosefoot" 
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of  the  Mississippi.  Normally  the  point  where  a  tributary  valley  joins  n 
larger  one  is  marked  by  a  notch  in  the  wall  of  the  latter,  but  in  some  cases 
a  bisected  spur  appears  instead.  The  delta  of  Canadice  outlet,  mentioned 
above,  furnishes  a  good  example.  A  delta  at  Lake  Warren  level,  near 
East  Bloomfleld,  what  is  left  of  it,  has  the  form  of  a  single  narrow  tongue 
more  than  a  half  mile  long.  Such  lateral  deposits  of  a  stream  may  be 
called  levee  deltas. 

Hanging  deltas  have  been  the  chief  guides  to  geologists  in  mapping 
the  outline  of  temporary  glacial  lakes,  but  they  are  worthy  of  more  careful 
study  as  simple  and  well  displayed  specimens  of  constructional  shore 
forms.* 

State  Normal  School, 
Terre  Haute,  Ind. 

"Nearly  all  tbe  features  mentioned  in  tbls  paper  may  be  found  upon  the  Way- 
land,  Naples,  Honeoye  and  Canandalgua  sheets  of  the  Topographic  Map  of  United 
States. 
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A  Physiographic  Survey  of  an  Area  Near  Terre  Haute, 

Indiana. 

By  Cha8.  R.  Dryer  and  Melvin  K.  Davis. 


The  Survey, — In  the  summer  of  1909  the  senior  author  of  this  paper, 
in  despair  of  living  long  enough  to  receive  any  help  from  the  U.  S.  Geo- 
logical Survey  or  from  the  State  of  Indiana,  resolved  to  try  what  might 
be  done  by  his  own  students  toward  a  serviceable  topographic  survey  of 
the  area  around  Terre  Haute.  Four  young  men  and  two  young  women 
were  ambitious  enough  to  undertake  the  work.  For  a  base  map  the  atlas 
of  Vigo  county  was  used  and  found  to  be  very  poor,  in  fact  a  disgrace  to 
rhe  surveyor,  the  draughtsman,  the  printer  and  the  whole  community  con- 
cerned. We  simply  made  the  best  of  it.  The  profiles  of  three  railroad  lines 
traversing  the  region  were  ol>tained,  and  other  base  lines  and  points  were 
determined  with  a  surveyor's  level.  Most  of  the  topographic  work  was 
clone  with  the  hand  level  and  staff.  It  was  found  possible  to  require  that 
no  discrepancy  between  different  lines  of  levels  should  exceed  one  foot. 
Highways  and  divides  were  followed  and  section  and  other  cross-country 
lines  were  run  wherever  necessary.  About  two  days  a  week  for  six  weeks 
were  si>ent  in  the  field,  and  the  result  was  found  to  he  worth  while.  While 
sur>'eying  was  being  done  the  location  of  particular  features  was  noted 
in  order  that  no  time  would  be  lost  when  their  special  study  should  come. 
The  map  drawn  by  the  junior  author  of  this  paper  from  the  data  thus  se- 
<*ured  has  proved  adequate  for  the  purpose  in  view. 

(ieneral  Description. — ^The  area  surveyed  is  Immediately  west  of  Terre 
Haute  and  comprises  about  25  square  miles  in  Sugar  Creek  township, 
Vigo  county,  Indiana.  It  is  bounded  on  the  east  by  the  Wabash  river 
and  includes  a  portion  of  its  fiood  plain.  West  of  the  Wabash  bluffs,  here 
eighty  to  one  hundred  feet  high,  the  area  consists  of  an  originally  smooth 
upland  of  glacial  drift  540  to  560  feet  above  sea  level,  which  has  been  sub- 
maturely  dissected  by  the  branches  of  Sugar  creek.  The  remnants  of  the 
original  surface  have  been  reduced  to  the  scrap-tin  outline  characteristic 
of  the  leaves  of  the  pin  oak.  The  larger  valleys  are  flat  bottomed  and 
contain  alluvial  filling  to  a  depth  of  40  or  more  feet.  The  drilling  of  a 
well  at  Vandalia  mine  No.  81,  section  24,  showed  the  deposit  to  be  40  feet 
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deep.  The  slopes  of  valley  sides  are  generally  steep  and  the  ravines  of 
the  ultimate  tributaries  are  exceedingly  narrow  and  sharp.  The  depth  of 
the  glacial  drift  is  generally  from  40  to  60  feet,  and  the  streams  only  here 
and  there  touch  bed  rock. 

Many  beds  of  recent  conglomerate  appear  along  west  Little  Sugar 
creek.  The  principal  valleys  are  preglacial,  with  a  base  level  determined 
by  the  level  of  the  preglacial  Wabash,  which  was  60  or  70  feet  lower  than 
the  present  river.  These  valleys  were  filled  with  drift  which  the  post- 
glacial streams  have  scarcely  half  removed.  The  drainage  has  developed 
by  head  ward  erosion  Into  an  intricate,  dendritic  system  of  Insequent 
brau(?hes  which  penetrate  to  nearly  every  acre  of  the  area.  Judging  from 
the  position  of  large  trees  there  is  reason  to  believe  that  the  lines  of  drain- 
age were  well  defined  before  vegetation  ^rang  up. 

Stratigraphy, — ^The  underlying  bed  rocks  of  the  area  are  the  shales 
of  the  coal  measures  with  several  workable  seams  of  coal,  the  uppermost 
of  which  outcrops  along  the  foot  of  the  Wabash  bluffs.  The  shales  above 
the  coal  form  about  one-half  the  height  of  the  bluffs.  The  upper  half 
consists  of  glacial  drift  Intercalated  with  the  shales  are  several  thin 
strata  of  limestone,  two  of  Which  exercise  a  notable  infiuence  upon  the 
topography.  Below  the  500-foot  level  a  tough,  flinty  limestone  four  or  five 
feet  thick  has  resisted  river  erosion  to  such  an  extent  as  to  form  a  terrace 
between  the  Wabash  fiood  plain  and  bluff,  in  some  places  500  feet  wide 
and  20  feet  above  the  plain.  We  call  it  the  flinty  limestone.  A  similar 
but  less  silicious  limestone  lies  about  thirty  feet  higher.  In  section  31 
the  waters  of  the  Sugar  creek  system  have  cut  a  gap  in  these  strata  and 
reach  the  Wabash  at  grade. 

The  glacial  drift  belongs  to  the  Illfnoian  drift  sheet  of  Leverett  and 
lies  just  outside  the  border  of  the  Shelbyville  moraine.  The  mass  of  it 
consists  of  a  tough  boulder  clay,  weathering  on  exposed  faces  into  roughly 
hexagonal  columns  and  containing  numerous  striated  and  faceted  boulders  j 

of  moderate  size.    Large  boulders  are  rare.    In  some  places  the  till  is  one-  | 

half  fine  gravel.  There  are  occasional  thin  partings  of  sand.  In  a  rail- 
road cut  about  one  mile  to  the  north  of  the  area  surveyed  buried  logs  of 
wood  up  to  nine  inches  in  diameter  are  numerous  along  a  level  horizon, 
but  no  difference  can  be  discovered  between  the  overljing  and  the  under-  : 

lying  till.    In  the  south  bluff  of  Sugar  creek  beds  of  laminated  silt  are  i 

intercalated  in  the  till  and  point  to  the  occurrence  of  an  interglacial  in- 
terval of  notable  extent    The  upper  four  or  five  feet  of  drift  often  con- 
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sist  of  a  deep  red,  pebbleless  and  structureless  loam,  the  origin  of  which 
is  an  unsolved  problem.  The  red  loam,  even  upon  moderate  8loi)e8,  gullies 
rapidly  and  has  greatly  facilitated  the  dissection  of  the  region. 

The  Wabash  Plain,  two  miles  in  widtJi,  presents  the  usual  flood  plain 
features  of  levees  and  bayous.  At  one  point,  S.  W.  i  of  S.  E.  i  of  sec- 
tion 8,  shale  outcrops  in  the  midst  of  the  alluvium.  Before  the  valley  was 
filled  this  was  an  island  In  the  river  with  deep  water  all  around  It.  The 
valley  filling  in  some  places  is  80  feet  deep,  and  consists  of  sand  and  gravel 
carried  into  the  valley  by  water  and  floating  Ice.  At  a  railroad  gravel  pit 
In  section  36  twenty-five  feet  of  fine  gravel  is  exposed,  with  an  occasional 
stratum  containing  enough  clay  to  resist  rain  wash  and  cause  the  forma- 
tion of  earth  pillars  two  or  three  feet  high.  A  terrace  of  coarse,  roughly 
stratified  gravel  formerly  occupied  an  area  about  one  mile  by  one-half 
opposite  the  city  of  Terre  Haute  and  was  an  Island  at  high  water.  The 
town  of  West  Terre  Haute  stands  ui>on  the  southern  half  of  It  The  north- 
em  half  has  been  entirely  removed  by  the  railroad  companies  and  exca- 
vated  to  the  level  of  low  water  in  the  river.  The  remaining  surface  Is 
from  15  to  25  feet  above  the  plain. 

The  fiugar  Creek  Drainage  System  presents  several  peculiar  features 
and  furnishes  some  of  the  most  interesting  problems  of  the  area.  The 
small  tributaries  of  the  Wabash  are  usually  of  the  parallel  type,  not  com- 
bining into  systems,  the  main  streams  flowing  nearly  at  right  angles  to 
the  Wabash.  The  Sugar  creek  system  is  fan-shaped,  consisting  of  four 
principal  streams  which  converge  southward  and  eastward  to  a  junction 
and  pass  out  through  a  single  gap  upon  the  Wabash  plain.  East  Little 
Sugar  creek  flows  southward  seven  miles  parallel  with  the  Wabash  river 
and  about  one  mile  west  of  the  bluff.  In  sections  25  and  2(i  a  nameless 
stream  flows  about  one  mile  eastward,  turns  northward  one-half  mile  and 
again  eastward,  both  bends  being  right  angles.  This  seems  to  be  due  to 
hanler  material  in  the  stream's  course. 

Sugar  Creek  Lake. — At  the  western  border  of  the  area  surveyed  the 
valley  of  Sugar  creek  widens  abruptly  from  less  than  one-half  mile  to  about 
a  mile.  Two  miles  below  it  narrows  abruptly  and  flows  for  a  mile  through 
a  gorge  twenty  to  forty  rcnls  wide.  The  expansion  and  the  narrows  pre- 
sent each  its  own  but  related  problem. 

The  expanded  i>ortion  of  the  valley,  abjut  one  mile  by  two,  Is  bounded 
on  the  south  by  a  boulder  clay  bluff  sixty  feet  high :  on  the  north  by  lower 
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and  gentler  slopes  and  is  invaded  near  the  east  end  by  a  flat  spur  project- 
ing like  a  dam  from  the  north  side  nearly  to  the  bluff  on  the  south.  Near 
the  south  end  of  the  dam  the  stream  has  cut  a  narrow  gap  thirty  feet  deej). 
The  lower  ten  feet  exposed  in  the  gap  is  shale  with  a  thin  cap  of  flinty 
limestone.  The  upper  twenty  feet  of  the  dam  is  glacial  clay  with  the  ex- 
ception of  a  little  poorly  stratified  gravel  and  sand  at  the  south  end  of  the 
dam  near  the  creek.  These  features  present  on  their  face  the  charac- 
teristics of  a  drift-dammed  lake  drained  by  the  down  cutting  of  its  outlet. 
The  supposed  lake  bottom  is  underlaid,  so  far  as  discoverable,  by  six  feet 
of  alluvium  on  top  of  the  flinty  limestone.  The  flat- topped  dam  api)ears 
to  be  a  terrace  and  is  accordant  in  level  with  other  terrace  fragments  in 
the  valley  of  West  Little  Sugar  creek  above.  In  the  south  bluff  the 
boulder  clay  is  interrupted  for  a  few  rods  by  ten  feet  of  finely  laminated 
lacustrine  silts,  the  bottom  of  which  is  at  about  the  same  level  as  the  ter- 
race tops. 

Various  hypotheses  may  l>e  entertained;  (1)  The  expansion  of  the 
valley  is  due  to  the  lateral  corrasion  and  shifting  of  the  preglacial  stream 
over  the  surface  of  the  resistent  flinty  limestone.  The  whole  valley  was 
filled  with  glacial  clay.  The  iuterglacial  stream  had  a  temporary  l>ase 
level  fifty  feet  higher  than  at  present  and  cleaned  out  the  filling  down  to 
the  terrace  level  (510  feet  above  the  sea).  During  this  process  a  tribu- 
tary stream  from  the  south  cut  a  valley  out  of  the  boulder  clay  down  to 
the  terrace  level,  which  was  afterward  tilled  with  silt.  By  a  lowering  of 
the  base  level  in  the  Wabash  the  stream  was  enabled  to  cut  down  the  (l.nn 
and  to  clear  out  the  valley  to  the  present  level,  draining  the  lake  and  leav- 
ing fragments  of  the  valley  filling  as  terraces. 

(2)  The  preglacial  and  Intergiacial  course  of  the  stream  was  north- 
eiustward  into  tlie  valley  of  East  Little  Sugar  Creek.  A  readvance  Oi  t'le 
ice  left  a  till  dam  across  the  former  course  and  the  portion  of  the  present 
valley  through  the  narrows  is  entirely  postglacial.  The  complete  sequence 
of  events  is  not  so  clear  as  could  be  wished. 

(3)  The  resistance  of  the  two  limestone  strata  which  outcrop  along 
the  Wabash  bluff  and  over  a  belt  about  two  miles  wide,  west  of  the  bluff, 
may  account  for  the  southward  course  of  East  Little  Sugar  Creek,  for 
the  narrows  of  the  lower  end  of  the  valley  and  for  the  single  gap  in  the 
bluff  through  which  the  waters  of  the  system  escape  to  the  Wabash  plain. 

Period  of  If  a  vine  Cnttiiifj, — The  valley  slopes  of  the  ultimate  tribu- 
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tsiries  are  so  steep  aud  the  ravines  are  so  narrow  and  sharp  as  to  prevent 
cnltlvatlon  and  they  are  in  most  places  forested.  The  frequent  occurrence 
of  large  trees,  one  hundred  to  two  hundred  years  old,  in  the  bottom  of  the 
ravines,  indicates  that  the  present  rate  of  downward  corrasion  is  very 
slow,  and  that  possibly  the  dissection  of  the  region  In  the  drift  area  was 
mostly  accomplished  during  the  period  of  ice  melting  and  the  succeeding 
|)eriod  of  bare  ground,  before  the  surface  was  covered  with  vegetption. 

Culture. — The  alluvial  lands  in  the  valleys  are  chiefly  oKX'upied  by  corn 
fields.  The  broken  upland  areas  t>etween  the  ravines  are  inconvenient  for 
farming  but  many  of  the  small  fields  produce  good  corn,  oats  and  hay, 
esi)ecially  hay.  The  only  way  by  which  cuts,  fills,  and  bridges  can  be 
avoided  in  road  building  is  to  nm  the  roads  on  the  narrow  divides  between 
the  heads  of  ravines.  Coal  mines  are  numerous.  Along  the  front  of  the 
Wabash  bluffs  shale  and  coal  are  accessible  near  the  surface  and  four 
large  brick  and  tile  factories  have  been  established.  The  new  industries 
have  multiplied  the  impulation  of  West  Terre  Haute  by  five  In  ten  years, 
and  have  caused  three  considerable  villages  to  spring  up  from  nothing  in 
the  same  time. 

State  Nonual  School, 
Terre  Haute,  Ind. 
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CotiiECTiNG  Area  of  the  Waters  of  the  Hot  Springs,  Hot 

Springs,  Arkansas.^ 


By  A.  H.  Purdue. 


Introduction, — The  conclusions  in  this  paper  were  reached  in  the  course 

of  field  work  on  the  structure  and  stratigraphy  of  the  area  about  Hot 

Springs  during,  the  summer  of  1909.    The  paper  is  written  with  the  as- 

tion  is  made  partly  because  geologists  in  general  have  come  to  think  of 

most  of  the  ground  water  as  having  such  origin,  and  partly  because  the 

sumption  that  the  waters  of  the  hot  springs  are  meteoric.    This  assump- 
recent  studies  of  Mr.  Walter  Harvey  Weed  upon  the  waters  of  these  springs 

clearly  indicate  that  they  are  meteoric* 

Topography  of  the  Highlands  of  Arkansas. — ^The  highlands  of  Arkan- 
sas and  the  eastern  part  of  Oklahoma  are  divided  into  a  northeiii  and  a 
southern  part,  separated  by  the  valley  of  the  Arkansas  River.  The  north- 
em  division  consists  of  the  Boston  Mountains,  which  are  a  dissected  pla- 
teau, reaching  the  height  of  somewhat  more  than  2,200  feet  above  sea  level, 
and  a  much  lower  area  to  the  north  of  them.  The  southern  division  con- 
sists of  the  Ouachita  Mountains,  which  cover  an  area  about  60  miles  in 
width.  These  mountains  consist  of  ridges,  the  direction  of  which  is  in  the 
main  east  and  west  and  some  of  which  surpass  2,000  feet  in  height. 

Topography  of  the  Area  About  the  Hot  Springs. — ^The  topography  in 
the  vicinity  of  the  hot  springs  is  indicated  by  the  accompanying  relief 
map  (Fig.  1).  The  springs  (indicated  by  the  cross)  emerge  from  the 
western  end  of  Hot  Springs  Mountain,  which  is  known  as  Indian  Moun- 
tain east  of  West  Branch  of  Gulpha  Creek.  Immediately  north  of  Hot 
Springs  Mountain  is  North  Mountain,  which  continues  west  of  Hot  Springs 
Creek  as  West  Mountain.  Three  miles  west  of  the  springs  West  Mountain 
swings  around  in  a  horseshoe  curve  and  extends  northeastward,  and  is 
known  as  Sugarloaf  Mountain.  Hot  Springs  Creek,  a  considerable  stream, 
flowing  southward,  carries  off  the  overflow  from  the  hot  springs  and  the 
drainage  of  a  portion  of  the  valley  just  south  of  Sugarloaf  Mountain. 


^  By  permission  of  the  Chief  Geologist,  U.  S.  Geol.  Surv. 

'The  hot  springs  of  Arkansas.     Senate  Document  No.  282,  p.  90,  Washington, 
D.  C,  1902.     Prepared  under  the  supervision  of  the  Secretary  of  the  Interior. 
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TTiEs  valley  Is  frooi  a  mile  to  a  mile  and  n  iiuarter  Is  widtb.  Abont 
two  milee  northeast  of  the  hot  aitrlngs.  where  Went  Branch  of  Gulphti 
Creek  cuts  through  Moitli  Mountain,  la  a  llDiited  area  with  an  elevation 
of  almut  620  feet  rhe  greater  iurt  i)f  llie  surface  h<jwever,  Btnii<ls  ab:ive 
the  700-foot  contour  iind  tlie  highest  lilIN  exceed  1*00  feet.  The  hlirliest 
elevation  nt  which  nn\  of  the  «|irlngs  emenic  is  iibout  CAO  feel. 


FIe.  1.    Belief  Mftp  of  the  Hot  SprlDBBAres. 

Stratigraphu  of  the  Area  Ahiml  the  Hot  Hprin<iii. — The  nurface  rocks 
about  the  hot  sprlngK  are  shown  In  the  followinR  section ;' 
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Oarboniferons — 

Stanley  shale 3,500  feet. 

Hot  Springs  Kanddtone 100    *• 

Age  unknown — 

Arkansas  nov.iculite 880    •• 

Missoori  Monntaiii  slate  60    '* 

Ordoyioian — 

Polk  Creek  sliale 210    «♦ 

Bigfork  chert 670    *• 

The  Bigfork  chert  Is  in  layers  from  two  to  twelve  inches  thick. 
Throughout  a  goofl  iK)rtion  of  the  formation  it  consists  almost  entirely  of 
chert,  but  in  parts  the  layers  are  8ep;irated  by  thin  beds  of  shale,  and  in 
other  parts  shale  is  the  main  (nmstituent.  The  chert  is  very  brittle  and 
intensely  fractured  firom  the  folding  it  has  suffered. 

The  Folk  Creek  shale  overlies  the  Bigfork  chert,  and  Is  a  very  black, 
somewhat  slllcious  shale,  though  soft  enough  from  its  graphitic  nature  to 
soil  the  fingers  in  handling.  The  upi)er  part  contains  a  few  thin  sllicious 
beds,  but  the  lower  part  is  wholly  shale. 

The  Missouri  Mountain  slate  as  it  otviirs  in  the  vicinity  of  the  hot 
sjirlngs  is  a  re<l  to  brown  or  yellow  shale,  depending  upon  the  stage  of 
weathering.     Further  west  In  the  Ouachita  area  It  is  a  true  slate. 

The  Arkansas  novacullte  as  it  Is  exposed  in  the  city  of  the  hot  springs 
(HUisists  of  three  parts :  A  lower,  massive  one  275  feet  thick,  made  up  of 
heavy  beds  of  much  fractured  novacullte.  It  is  from  this  part  of  the  for- 
mation that  the  Arkansas  abrasives  are  secure<l.  This  Is  followed  by 
fifty-five  feet  of  very  black  clay  shale,  weathering  In  places  to  light  gray; 
and  this  by  fifty  feet  of  what  appears  to  be  rotten,  iwrous  novacullte. 
The  se<*tIon  of  the  novacullte  formation  over  the  Ouachita  area  varies 
greatly  with  the  locality. 

The  Hot  Springs  sandstone*  Is  a  gray,  quartzitic  sandstone  in  beds 
from  three  to  eight  feet  thick.  The  basal  ten  feet  or  more  is  conglomeratic. 
It  is  from  this  formation  that  most  of  the  hot  springs  Issue,  which  fact, 
however,  is  accidental  and  c(msequently  not  significant. 

The  Stanley  shale  is  comiK>sed  mainly  of  black  to  green  clay  shale, 
though  a  large  per  cent  of  It  consists  of  ratlier  soft,  greenish  sandstone. 
This  shale  skirts  Hot  Springs  and  West  Mountains.     While  a  large  part 

*  This  name  has  not  been  used  before  In  Arkansas. 
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of  the  city  of  Hot  Springs  stands  on  this  formation,  only  the  waters  of 
those  springs  that  issue  at  the  lowest  levels  move  through  it. 

Structure  and  Rocks  of  the  Highland  Area. — The  general  structure  of 
the  highland  area  is  that  of  a  broad  syncilne  with  Its  trough  in  the  Ar- 
kansas Valley.  The  rocks  of  the  Boston  Mountains  and  the  area  to  their 
north  lie  for  the  most  part  horizontal,  but  in  the  south  half  of  the  Boston 
Mountains  they  dip  perceptibly  to  the  south,  passing  in  the  Arkansas  Val- 
ley under  several  thousand  feet  of  younger  rocks. 

The  general  structure  of  the  Ouachita  area  Is  that  of  an  anticlinorium 
dipping  southward  under  the  mesozoic  and  tertiary  rocks,  and  northward 
beneath  the  Arkansas  Valley.  The  rocks  for  the  most  part  are  intensely 
folded,  to  which,  with  erosion.  Is  due  the  narrow  valleys  and  parallel 
ridges  of  the  area.  The  hot  springs  are  located  in  the  eastern  part  of 
this  area. 

The  folds  in  the  main  have  an  east-west  direction,  but  at  Hot  Springs 
and  for  some  distance  to  the  west  their  direction  Is  northeast-southwest. 
The  individual  folds  are  as  a  rule  not  continuous  for  great  distances,  but 
are  short  and  overlap  each  other  laterally.  Thrust  faults,  approximately 
parallel  to  the  strike  and  of  many  hundred  feet  displacement,  are  com- 
mon in  the  Ouachita  Mountains  and  the  Arkansas  Valley. 

Structure  of  the  Area  About  the  Hot  Spritifjfi, — Like  the  remainder  of 
the  Ouachita  region,  the  area  about  the  hot  springs  is  intensely  foldetl. 
The  folds  are  closely  compressed  and  are  all  overturned  to  the  south.  As 
a  result  the  dips  are  to  the  north.  Some  of  these  are  as  low  as  15  de- 
grees, and  they  seldom  exc*eed  (JO  degrees.  This  means  that  at  the  points 
of  greatest  overturning  the  rock  layers  He  literally  upside  down,  and  in 
folding  have  descrll>ed  an  arc  of  165  degrees. 

Possibilities  of  (hound-Water  Floiruge, — While  the  altitude  of  the 
Boston  Mountains  Is  sufficient  to  give  the  ground-water  enough  head  for 
It  to  emerge  at  the  height  and  distance  of  the  hot  springs,  the  intervening 
structure  makes  such  lmpos8ll)le.  The  closely  compressed  folds,  overlap- 
ping, and  faulting  of  the  Ouachita  area  are  such  as  to  prevent  the  unin- 
terrupted movement  of  ground-water  except  for  short  distances.  Likewise 
the  stratigraphy,  structure  and  topography  to  the  south  of  the  hot  springs 
eliminate  that  area  as  a  possible  source  of  the  water;  and  the  same  is 
true  of  the  highlands  of  central  and  eastern  Kentucky.  Tennessee  and 
Alabama  and  the  Intervening  area. 
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The  Collecting  Area. — It  follows  from  the  above  that  the  collecting 
area  must  be  In  the  near  vicinity  of  the  8i)rings,  and  a  study  of  the 
topography,  stratigraphy  and  structure  thereabout  locates  it  with  reason- 
able certainty.  A  glance  at  the  section  (Fig.  2)  from  Sugarloaf  Mountain 
southeastward  through  Hot  Springs  Mountain  will  Indicate  the  collecting 
area.  The  surface  of  the  overturned,  anticlinal  valley  between  Sugar- 
loaf  and  North  Mountains  is  higher  than  the  level  of  emergence  of  the 
springs.  The  rocks  outtTopplng  over  the  area  are  the  Bigfork  chert  and 
the  Polk  Creek  shaie,  the  former  occupying  most  of  the  area. 

The  considerable  thickness  of  the  Bigfork  cliert,  its  much  fractured 
nature  and  the  thin  layers  of  which  It  is  composed,  all  combine  to  make 
It  a  water-bearing  fonnatlon  of  unusual  importance.  The  greater  num- 
ber of  the  fine  springs  in  the  Ouachita  area  between  Hot  Springs  and  the 
western  border  of  the  state  come  from  this  horizon.  In  many  places  this 
formation  occui*s  in  anticlinal  valleys  with  its  highly  inclinal  beds  trun- 
cated, affording  the  most  favorable  condition  for  the  Intake  of  water.  A 
glance  at  figure  2  will  show  that  these  cimditions  obtain  in  the  area  be- 
tween North  Mountain  and  Sugarloaf  Mountain.  In  addition  to  the  favor- 
able  structure  for  the  reception  of  water  there  is  tlie  stratlgraphic  condi- 
tion for  its  retention  brought  about  by  the  overlying  Polk  Creek  shale.  As 
a  consequence  of  the  toi)ography,  structure  and  stratigraphy  the  water  is 
collected  in  the  basin  shown  in  the  map  (Fig.  1),  conducted  through  the 
Bigfork  chert  l>eneath  the  North  Mountain  syncline.  and  rises  in  the  Hot 
Springs  anticline,  at  the  western  end  ol  which  It  emerges  in  the  hot  springs. 
Including  several  of  very  weak  flow,  there  are  said  to  be  seventy-two  of 
tliese  springs,  and  they  are  c(»nfined  to  a  narrow  strip  about  a  (piarter  of  a 
mile  long. 

The  exa<'t  location  of  the  springs  Is  attributable  to  the  soutliwesteni 
plunge  of  the  Hot  Si)rings  anticline,  and  as  has  been  stated  by  Mr.  Walter 
Harvey  Weed'  probably  to  fracturing  and  possible  slight  faulting  in  the 
process  of  folding,  as  shown  in  figure  '^. 

W^hile  not  relevant  to  the  title  of  the  paper,  it  might  be  added  that 
the  consideral)le  numlier  of  <llkes  in  the  inmiediate  vicinity  of  the  hot 
sj»rings,  the  large  nunil)er  (eiglity  are  known)  only  a  few  miles  to  the 
south  on  and  near  the  Ouachita  Ulver,  and  the  areas  of  igneous  ro<'k  at 
Potash  Sulphur  Spring.  Magnet  Cove  and  other  places,  force  the  sugges- 

*  Loc.  cit. 
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tlon  upon  one  that  the  waters  of  the  sprhigs  owe  their  temperature  to 
imssing  over  hot  rocks  or  the  vapor  from  such  in  some  part  of  their  under- 
j?round  course.®  The  fact  that  these  are  practically^  the  only  hot  springs 
within  the  Ouachitii  area,  though  there  are  scores  of  cold  springs  issuing 
from  the  same  formations  and  under  practically  the  same  geologic  rela- 
tions, gives  this  suggestion  great  weight ;  but  inasmuch  as  some  of  the 
springs  are  said  to  be  unusually  radio-active,  there  is  the  alternative  sug- 
gestion that  atomic  decomposition  in  igneous  rocks  (which  may  have  lost 
their  magmatic  heat)  is  the  source  of  tlie  high  temperature  of  the  water. 
Foyetteville,  Ark. 


•  Dr.  J.  C.  Branner  has  already  called  attention  to  this  as  tlie  probable  source  of  the  heat. 
See  Geol.  Surv.  of  Ark.,  Report  on  Mineral  Waters,  pp.  9  and  10, 

'  Recently  a  spring,  said  to  have  a  temperature  of  98**  to  100**  F.,  has  been  discovered 
issuing  from  the  Arlcansas  novaculit€  in  the  bed  of  the  Caddo  River,  at  Caddo  Gap,  Mont- 
gomery County.  i^ 
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Historical  RfisuMfi. 

Ever  since  the  beginning  of  our  knowledge  of  the  geology  of  the  West- 
ern plains  and  the  Rocky  Mountains  there  have  existed  contentions  re- 
garding the  various  deposits  to  which  the  names  Laramie  and  Fort  Union 
have  been  applied.  These  contentions  have  concerned  the  grouping  of  the 
various  beds,  the  geological  horizons  to  which  the  deposits  of  different 
basins  and  of  different  levels  should  be  referred,  and  the  members  to 
which  the  names  Laramie  and  Fort  Union  respectively  should  be  re- 
stricted. Up  to  about  the  year  1896  certain  deposits  In  the  Judith  River 
basin  and  others  in  Montana,  Wyoming,  Ck)lorado  and  New  Mexico  were 
all  regarded  as  the  products  of  a  single  geological  epoch  and  were  all 
called  Laramie.  Although  as  early  as  1860,  or  even  earlier,  some  geolo- 
gists, esj)ecially  Dr.  F.  V.  Hayden  and  Professor  Leo  Lesquereux,  basing 
their  opinion  on  the  fossil  plants,  held  that  all  or  the  greater  part  of  the 
deposits  In  question  belonge(i  to  the  Tertiary,  the  prevailing  opinion  up  to 
1896  was  that  the  Laramie,  taking  the  term  In  Its  widest  sense,  was  the 
uppermost  portion  of  the  Cretaceous.  It  may  be  said,  however,  that  Pro- 
fessor Cope  in  his  great  work  "The  Vertebrata  of  the  Tertiary  Forma- 
tions of  the  West''  referred  the  Laramie,  as  well  as  the  overlying  Puerco 
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(including  wliat  is  now  known  as  tlie  Torrejon),  to  the  "Post-Cretaceous,' ' 
a  group  holding  a  i)(>Kition  between  the  Cretaceous  and  the  Tertiary.  lie 
had  previously  assigned  the  Puerco  to  tlie  Eocene.  However,  in  1887 
(Amer.  Naturalist,  xxl,  pp.  440,  450)  he  transferred  this  "Post-Cretacic 
System"  to  what  he  called  the  ^lesozoic  realm.  In  the  year  1896  Messrs. 
S.  F.  Emmons,  Whitman  Cross  and  G.  H.  Eldridge  published  their  "Geol- 
ogy of  the  Denver  Basin,"  in  which  the  previously  so-called  Laramie  in 
the  region  of  Denver,  Colorado,  was  shown  to  consist  of  three  distinct  for- 
mations. The  name  Laramie  was  by  them  restricted  to  the  lowest  mem- 
ber of  these,  the  succeeding  formations  being  called  respectively  the  Arapa- 
hoe and  the  Denver.  The  last  two  had,  however,  already  been  recognized, 
named  and  published  by  Eldridge  and  Cross  as  early  as  1888. 

Although  the  authors  of  the  Geology  of  the  Denver  Basin  referred  to 
the  Ui)per  Cretaceous  the  three  formations  mentioned.  Whitman  (^ross 
(o|).  dt.,  p.  200,  seq.)  makes  a  strong  argument  in  favor  of  including  the 
Arapahoe  and  the  Denver  in  the  Tertiary.  Ilis  plea  was  based  especially 
on  the  existence  of  a  great  stratlgraphical  break  between  the  lower  and 
tlie  middle  of  the  three  formations  and  on  tlie  evidence  furnished  by  the 
fo.ssil  plants.  Certain  dei>osits  in  Middle  Park,  Colorado;  others  near 
Canyon,  Colorado;  others  in  the  Huerfano  l>asin;  certiiin  ones  along  the 
Animas  River;  still  others  in  New  Mexico,  lieneath  the  Puerco;  and  the 
so-called  "Cera tops"  beds  of  Wyoming  were  all  provisionally  correlated 
with  one  or  other  of  the  formations  in  the  Denver  basin. 

It  is  interesting,  therefore,  to  observe  that  about  1887  and  1SS8,  while 
Co\)e  was  endeavoring  to  raise  the  boundary  between  the  Mesozolc  and  the 
Cenozoic  to  a  position  ai)ove  wliat  is  now  known  as  the  Torrejon,  Cross 
was  trying  to  depress  it  to  the  parting  between  the  Arapahoe  and  the  for- 
mation below  it. 

It  was  thought  by  Cross  that  the  be<ls  of  the  Judith  River  valley  might 
be  the  equivalent  of  the  Arapahoe  l)eds;  but  it  has  since  been  conclusively 
shown  by  Stanton  and  Hatcher  that,  instead  of  being  younger  than  the 
dei)osits  called  by  Cross  the  Laramie,  the  Judith  beds  are  older  than  the 
Fox  Hills,  older  than  the  upper  part  of  the  Pierre. 

W'itliin  the  past  two  years  the  discussion  of  the  subjects  named  above 
has' again  broken  into  flame  and  a  number  of  papers  have  appeared,  all 
I)resenting  most  instructive  facts  and  suggestions,  but  very  diverse  con- 
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elusions.*  Whether  the  name  Larjirnie  shall  be  restricted  to  the  lower  of 
the  three  divisions  found  in  the  Denver  basin  and  its  e<iuivalents  else- 
where, as  proposed  by  Cross  and  Kldridge,  Knowlton  and  Peale;  or  to 
one  or  both  of  the  upper  divisions,  as  advocated  by  Veatch;  or  retained 
to  designate  all  the  formations  between  the  Fox  Hills  and  the  Fort  Union ; 
or  wholly  abandoned,  is  yet  to  be  settled ;  and  with  this  I  have  nothing  to 
do.  It  is  the  purpose  of  the  present  pai)er  to  show  that  those  deposits  that 
lie  above  the  Fox  Hills  and  are  known  to  contain  remains  of  dinosam*s: 
more  specifically  the  Laramie,  as  understood  by  Cross  and  Eldridge:  the 
Arapahoe  and  the  Denver  of  Colorado;  the  Lance  Creek,  or  "Ceratips," 
beds  of  Converse  County,  Wyoming ;  the  Hell  Creek  beds  of  Montana ; 
and  the  beds  underlying  the  Puerco  in  New  Mexico,  ought  not  to  be  re- 
feiTed  to  the  Tertiary,  but  to  be  retainetl  in  the  Upper  Cretaceous. 

2.     Necessity  fob  Accurate  Correlation  ob^  the  Primary  Divisions  of 
THE  Geological  Column  in  the  Diff-erknt  Continents. 

It  appears  to  the  writer  that  it  is  a  matter  of  great  importance  that 
the  primary  divisions  of  geological  time,  the  ages  and  the  periods,  and  the 
con'esimnding  systems  of  rocks  of  all  parts  of  the  world  should  as  far  as 
t)osslble  coincide.  By  this  is  meant  that  geologists  should  not  (to  emi)loy 
an  illustration)  include  in  the  Lower  Cretaceous  any  deposits  of  one  con- 
tinent that  were  being  formed  synchronously  with  Jurassic  dei)osits  of 
another  continent  Nor  ought  they  to  include  in  the  Tertiary  of  America 
any  formations  that  are  the  time  eciuivalents  of  Euroi>ean  Cretaceous  for- 
mations. It  may  be  a  matter  of  great  difficulty  to  attain  agreement  in 
some  cases,  but  it  ought  to  be  resolutely  striven  after.  And  in  this  c(ni- 
nectlon  the  writer  Indorses  fully  the  <iuotation  made  by  Mr.  Cross  (Proc. 
Wash.  Acad.  Sci.,  xi,  p.  46)  from  Dr.  C.  A.  White's  address.  It  may  be 
added  that  modification  of  the  primary  divisions  ought  to  be  made  by  in- 
ternational bodies  of  geologists  and  paleontologists. 

The  reasons  why  the  primary  divlsl(»ns  of  geoh)gical  history  should  be 
fixed  as  accurately  as  possible,  even  though  arbitrarily,  seem  to  l>e  simi)le 
enough.     Geology  is  the  history  of  the  development  of  the  earth  and  its 


1  Veatch,  A.  C,  Anier.  Jour.  Sci.  (4),  xxiv,  1907,  pp.  18-22. 
Cross.  Whitman.  Proc.  Washington  Acad.  Sci.,  xl,  1909,  pp.  27-4.''». 
Knowlton,  V.  U.,  Washington  Acad.  Sci.,  xi,  1909,  pp.  179-2:iS. 
Stanton.  T.  W.,  Washington  Acad.  Sci..  xl,  1909,  pp.  2:19  29:{. 
I'ralo,  -V:  C.  .Vmev.  .lour.  Sci,  (4»,  xxvili,  pp.  45  r»S. 
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Inhabitants.  For  sufficient  reasons  we  divide  this  history  into  principal 
and  subordinate  portions,  each  having  its  own  characteristics.  Each  con- 
tinent has  had  its  own  course  of  development,  physical  and  biological,  this 
course  sometimes  agreeing  only  in  a  general  way  with  that  of  other  conti- 
nents, being  perhaps  ahead  of  them  or  behind  them,  possibly  sometimes 
only  dlflferent.  In  order  to  c*ompare  and  describe  contemporary  conditions 
in  different  lands  there  must  be  a  few  fixed  dates  from  which  to  reckon 
the  march  of  time  and  progress.  These  dates  are  found  in  the  limits  be- 
tween the  primary  divisions,  as  that  between  the  Silurian  and  the  De- 
vonian or  that  between  the  Cretaceous  and  the  Tertiary.  In  a  similar 
way  we  orient  the  history  of  even  a  savage  people  with  reference  to  such 
dates  as  the  founding  of  Rome  and  the  birth  of  Christ. 

3.    The  Primary  Divisions  of  Geological  Time  Are  Not  Usually  Indi- 
cated BY  Great  Unconformities. 

Inasmuch  as  those  geologists  and  paleontologists  who  favor  the  refer- 
ence of  the  Arapahoe  and  the  Denver  beds  of  Colorado,  the  Lance  Creek 
beds  of  Wyoming  and  the  Ilell  Creek  beds  of  Montana  to  the  Eocene,  give 
as  their  principal  reason  therefor  the  existence  of  a  great  unconformity 
between  the  Arapahoe  and  the  formation  immediately  below  it,  while  there 
appears  to  be  no  similar  unconformity  below  the  Port  Union,  it  may  be 
worth  while  to  examine  the  adequacy  of  the  reason.  1  believe  that  it  is 
fallacious. 

It  is  possible  that,  as  Chamberlin  and  Salisbury  suggest  in  their  gen- 
eral work  on  geology  (Geology,  ill,  p.  192),  there  is  a  natural  basis  for  the 
larger  divisions  of  geological  history;  that  this  basis  is  to  be  found  in 
the  profounder  changes  in  the  earth's  crust;  and  that  this  basis  is  of 
world-wide  application.  This  suggestion  nmy  be  accepted  as  valuable 
without  its  arousing  the  expectation  that  a  great  stratigraphical  break 
will  be  discovered  everywhere  between  each  great  rock  system  and  its 
predecessor  and  its  successor.  As  a  matter  of  fact,  as  geological  history 
is  now  understood  and  now  divided,  such  breaks  are  not  CH)mmonly  found. 
I  will  quote  from  Geikie's  Text-book  of  Geology,  ed.  4,  1903,  p.  1081 : 

Though  no  geologist  now  admits  the  abrupt  lines  of  division  which 
were  at  one  time  believed  to  mark  off  the  limits  of  geological  systems  and 
to  bear  witness  to  the  great  terrestial  revolutions  by  which  these  systems 
were  supposed  to  have  been  terminated,  nevertheless  the  influence  of  the 
ideas  which  gave  life  to  these  banished  beliefs  is  by  no  means' extinct. 
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On  page  981  the  author  quoted,  in  speaking  of  the  Old  Red  Sandstone, 
says: 

♦ 

*  ♦  ♦  in  innumerable  sections  where  the  lowest  strata  of  the  sys- 
tem are  found  graduating  downward  into  the  top  of  the  Ludlow  group; 
and  where  its  highest  beds  are  seen  to  pass  up  into  the  base  of  the  Car- 
boniferous system. 

On  page  982  one  reads  as  follows : 

The  rocks  termed  Lower  Devonian  may  partly  represent  some  of  the 
later  phases  of  Silurian  life.  On  the  other  hand,  the  upper  parts  of  the 
Devonian  system  might  in  several  respects  be  claimed  as  fairly  belonging 
to  the  Carboniferous  system  above. 

As  to  the  relation  of  the  Lower  Carboniferous  to  the  Devonian,  Geikie 
(Text-l)Ook,  p.  1014)  says: 

Both  in  Europe  and  America  it  may  he  seen  passing  down  conform- 
ably into  the  Devonian  and  the  Old  Red  Sandstone.  So  insensible  indeed 
Is  the  gradation  in  many  consecutive  sections  where  the  two  systems  join 
each  other  that  no  sharp  line  can  be  drawn  between  them.  The  strati- 
graphical  passage  is  likewise  frequently  associated  with  a  corresponding 
commingling  of  organic  remains. 

Chaml)erlin  and  Salisbury  (Geology,  ii,  p.  499)  tell  us  that  the  transi- 
tion from  the  Devonian  to  the  Mississippian  seems  to  have  been  accom- 
plished without  notable  deformative  movement.  Also  (p.  518)  it  is  stated 
that  the  Devonian  fauna  passed  by  graduation  into  the  Mississippian. 

There  exists  in  many  places  the  same  doubt  regarding  the  boundary 
line  between  the  Carboniferous  and  the  Permian.  Geikie  (Text-book,  p. 
1064)  states  that  in  the  Midlands  and  the  west  of  England  no  satisfactory 
line  can  be  drawn  between  the  two  systems;  (p.  1065)  that  the  flora  of 
the  older  Permian  rocks  presents  many  points  of  resemblance  to  that  of 
the  Carl)oniferou8 ;  (p.  1063)  that  in  North  America  no  good  line  of  sul>- 
division  exists  between  Permian  and  Carboniferous;  so  certain  deposits 
are  called  Permo-Carboniferous :  (p.  1077)  that  in  Russia  the  Permian 
attains  an  enormous  development,  the  horizontal  strata  nearly  lying  con- 
formably on  the  Carboniferous. 

Of  the  Permian  of  North  America  Chamberlin  and  Salisbury  write 
(Geology,  il,  p.  620)  : 

The  upper  Barren  Measures  are  commonly  separated  from  the  Penn- 
sylvanian  on  the  basis  of  the  plant  species  rather  than  because  of  any 
stratlgraphic  break  at  their  base. 
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The  Artinskian  of  Russia  is  placed  in  the  Permiau  hy  Liiipparent  and 
(ielkie,  but  in  the  Carboniferous  by  Taehernyschew.  a  distinguished  Rus- 
sian geologist 

Similar  difficulties  are  encountered  in  various  parts  of  the  world  by 
geologists  when  they  attempt  to  draw  the  line  between  the  Paleozoic  and 
the  Mesozoic  systems.  Chamberliii  and  Salisbury  (Geology,  11,  p.  (Kil) 
have  this  to  say: 

The  Permian  system  of  Eurot)e  seems  to  be  more  closely  allied,  stratl- 
graphleally,  with  the  Trias  than  with  tlie  Carboniferous,  and  while  the 
same  is  true  of  the  western  part  of  America,  the  opposite  is  true  for  the 
eastern  part 

We  have  the  statement  of  Geikie  (Text-book,  p.  10.S4)  that  in  some 
regions,  as  in  England,  no  very  satisfactory  line  of  demarcation  can  al- 
ways be  drawn  between  Permian  and  Triassic  rocks. 

Nor  are  geologists  free  from  embarrassments  when  they  endeavor  to 
classify  the  Mesozoic  and  the  Tertiary  formations.  The  Rhaetic  is  ar- 
ranged by  Geikie  in  the  Triassic.  by  Lapi>arent  in  the  Jurassic.  CHark  and 
Bibbins  express  doubt  regarding  the  position  of  the  two  lower  divisions  of 
the  Potomac  formati(»n  of  the  eastern  United  States.  They  refer  them 
provisionally  to  the  Jurassic;  the  other  tvvo  divisions  are  unhesitatingly 
placed  in  the  I^)wer  Cretaceous.  According  to  Chamberlin  and  Salisbury, 
the  fossils  of  the  Trinity  dlvlsiim  of  the  Comanchean  system  have  raised 
the  question  of  its  reference  to  the  Jurassic.  An  indefinite  number  of 
similar  cases  could  be  cited. 

The  illustrations  presente<l  show  that  the  great  divisions  of  geologiail 
rec*ord  are  not  even  commonly  separated  by  physical  breaks,  great  or 
small.  It  would  be  quite  as  easy  to  show  that  important  unconformities 
occur  within  the  limits  of  systems  of  rocks.  A  few  cases  only  need  be 
cited.    The  following  is  quoted  from  Geikie  (Text-book,  p.  1(X)7)  : 

The  Old  Red  Sandstone  of  Britain,  according  to  the  author's  re- 
searches, consists  of  two  subdivisions,  the  lower  of  which  passes  down 
conformably  into  the  Upper  Silurian  deixisits,  the  upi)er  shading  oflf  in 
the  same  manner  into  the  base  of  the  Carboniferous  system,  while  they  are 
separated  from  each  other  by  an  unconformability.  ♦  *  *  [In  Scot- 
land] it  consists  of  two  well-marked  grout)s  of  strata,  separated  from  each 
other  by  a  strong  unconformability  and  a  complete  break  in  the  succes- 
sion of  organic  remains. 
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Oelkie  staites  further  (p.  ll-JiJ)  tlinr  a  consHlernble  stratijjniphlcal  aiifl 
paleontological  break  is  to  l>e  reiiiarketl  at  (ho  Hue  lK»tweeu  the  rorthiiidhiii 
and  the  Purl)e<-khin.  (*haiHl>erMn  and  Salisbury  ((ieology.  li,  p.  iMVJ)  tell 
us  that  the  close  of  the  Paleozoic  was  marked  by  much  more  considerable 
geographic  changes  than  the  close  of  any  period  since  the  Algonkian. 
The  statement  is  qualitled  by  the  remark  that  these  changes  may  be  said 
to  have  been  In  progress  during  the  Permian  rather  than  to  have  wcurred 
at  its  close. 

4.    The  Principal  Divisions  of  (iEOLOGicAL  History  Are  Based  on  Fossil 

Organisms. 

It  may  therefore  be  confidently  affirmed  that  the  i>rimary  divisions 
of  geoh.gical  history,  as  this  history  is  now  understood,  are  not  based  on 
unctmformities  and  deformations,  great  or  small,  between  the  successive 
f<irmation.s,  but  they  are  based  on  the  history  of  the  plants  and  animals 
whose  remains  have  become  entombed  in  the  rocks.  I  will  here  quote 
from  Lapparent  (Traits  de  (i^ologie,  c<i.  5,  p.  717)  : 

11  r^sulte  de  ces  diverses  considf^rations  que  les  seules  ressources  de  la 
strati  graphic,  si  pr^-ienses  et  si  indisi)ensiibles  qu'elles  i>uissent  ^tre,  sont 
insuftisantes  pour  rotablissement  des  grandes  divisions  de  la  g^ologie.  II 
laut  done  recimrir  h.  quelqu'argument  d'une  i>ort<;e  plus  g6n(»rale.  (*et 
argument,  nous  a  lions  le  trouver  dans  la  consideration  des  faunes  et  des 
rtores  fossiles. 

It  must  not  l>e  supposed  that  the  writer  wishes  to  underestimate  the 
value  to  the  geologist  of  clianges  in  the  materials  that  constitute  suc- 
cessive l>eds,  of  deformations  of  surfaces,  or  of  unconformities,  erosional 
and  angular.  All  tliese  indicate  the  physical  changes  that  the  earth  was 
undergoing  and  mark  the  subordinate  and  more  or  less  local  divisions  of 
geological  history.  Naturally  the  geologist  in  the  field  searches  for  such 
interruptions  in  the  course  of  deposition  and,  following  a  bent  very  hu- 
man, he  may  c*ome  to  attach  somewhat  imdue  imiwrtance  to  them.  In 
any  case,  however,  final  recourse  must  he  had  to  the  fossils  enclosed  in 
the  HK'ks.  Fossils  are.  to  use  a  figure,  the  sands  that,  from  the  hour- 
glass of  the  universe,  have  In  an  uninterrupted  stream  dropped  into  the 
8u«*essive  strata  to  mark  the  passage  of  time.  Local  interruptions  of 
sedimentation  enable  lis  to  note  the  changes  undergone  by  the  organisms 
that  then  existed;   but  wliether  tliere  were  l)reaks  in  deposition  or  not,  the 
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evolution  of  the  organisms  went  steadily  on.  The  smaller  divisions  of 
time  are  marked  by  the  less  important  changes  that  the  animals  and  i)lant8 
suffered;  while  the  primary  divisions  are  signalized  by  the  profounder 
modifications  of  the  living  beings.  These  primary  divisions  are  often  in- 
dicated by  such  phrases  as  the  age  of  mollusks,  the  age  of  fishes,  and  the 
age  of  mammals.  As  there  were  no  universal  cataclysms  that  character- 
ized the  terminations  of  the  ages  and  the  eras,  so  there  were  no  sudden 
changes  in  the  nature  of  the  animals  and  the  plants.  The  boundaries  be- 
tween the  successive  ages  and  the  successive  eras  must  therefore  be  more 
or  less  arbitrarily  drawn.  If  one  era  is  characterized  by  numerous 
powerful  reptiles  and  a  few  inconspicuous  mammals,  while  the  next  era 
presents  mammals  as  the  dominant  animals,  the  reptiles  as  decadent,  we 
must  draw  the  line  to  suit  our  convenience  and  to  express  best  the  facts; 
but  in  the  end  it  will  be  drawn  more  or  less  arbitrarily. 

To  appreciate  the  futility  of  seeking  for  great  unconformities  between 
the  rock  systems  one  has  only  to  consider  the  relations  of  the  Upper 
Cretaceous  to  the  Tertiary  in  Europe.  Lyell  regarded  the  Thanet  sands 
and  certain  equivalents  in  France  and  Belgium  as  the  base  of  the  Eocene. 
Between  this  and  the  Upper  Cretaceous  there  appeared  to  be  one  of  the 
profoundest  breaks  in  geological  history.  Lyell  says  that  the  interval  be- 
tween the  Upper  Cretaceous  and  the  Eocene  must  have  been  greater  than 
that  between  the  Eiocene  and  the  present  More  recent  investigations 
have  shown  that  even  in  the  north  of  Eumpe  there  are  deposits  of  no  great 
thickness  that  partly  fill  the  gap  between  the  two  systems ;  while  it  is  al- 
most filled  in  the  south  of  that  country. 

The  conclusion  applicable  to  the  question  being  considered  which  1 
reach  is  that  the  magnitude  of  the  break  below  the  Arapahoe  formation 
in  the  Denver  basin  has  little  or  nothing  to  do  with  the  determination  of 
the  boundary  line  between  the  Mesozoic  and  the  Cenozoic.  The  i>osition 
of  this  line  is  to  be  settled  through  the  study  of  the  organic  remains  found 
below  and  above  the  unconformity  and  the  comparison  of  these  with  the 
fossils  found  at  corresponding  levels  in  regions  geologically  better  under- 
stood. If  the  ensemble  of  the  organisms  found  in  the  Arapahoe,  the  Den- 
ver, the  Lance  Creek  and  the  Hell  Creek  beds,  is  essentially  of  Upper  Cre- 
taceous nature,  on  comparison  with  accepted  standards,  those  beds  belong 
to  the  Mesozoic,  not  to  the  Cenozoic,  notwithstanding  the  great  uncon- 
formity. 
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As  has  already  been  said  and  Is  well  known,  the  base  of  the  Eocene 
was  established  just  below  the  Thanetian  of  England  and  its  continental 
equivalents;  and  this  line  of  separation  of  the  Cenozoic  from  tlie  Mesozoic 
has  been  recognized  by  practically  all  geologists  since  Lyell's  time.  Con- 
sidering the  great  gap  between  the  two  systems,  as  known  in  Europe  at 
that  time,  the  separation  did  not  appear  to  be  at  all  an  arbitrary  one.  In 
his  **Text-book  of  Geology,"  edition  of  1896,  Geikle  placed  the  Montian  in 
the  Eocene,  but  in  the  edition  of  1903  this  formation  is  restored  to  the 
Upper  Cretaceous.  Lapparent,  too,  draws  the  line  at)ove  the  Montian. 
Nor  does  this  manner  of  division  appear  to  arouse  objections  on  the  part 
of  the  paleontologists. 

If,  therefore,  American  geologists  and  paleontologists  wish  to  have  the 
boundary  line  between  the  Mesozoic  and  the  Cenozoic  of  their  country 
coincide  with  that  of  Europe,  the  type  continent  of  the  base  of  the  Eocene, 
it  will  be  necessary,  unless  there  are  compelling  reasons  for  the  contrary, 
to  make  the  base  of  our  Eocene  the  equivalent  of  the  Thanetian  of  Europe. 
I  believe  that  geologists  and  paleontologists  generally  will  give  assent  to 
this  proposition. 

It  is  well  understood  that  in  the  determination  of  the  level  of  any 
geological  formation  not  all  kinds  of  fossils  are  of  equal  value;  some  are 
indeed  of  little  value.  It  is  agreed  that  the  marine  animals  record  most 
accurately  the  progress  of  geological  time,  because  of  their  abundance, 
their  wide  distribution,  the  slow  and  steady  changes  which  they  undergo 
during  geological  periods,  and  the  facility  with  which  they  become  en- 
tombed in  accumulating  sediments.  Furthermore,  of  marine  species  the 
pelagic  forms  are  of  greater  value,  because  their  remains  are  dropped  in- 
discriminately into  deposits  of  all  kinds,  thus  enabling  geologists  to  cor- 
relate formations  widely  separated  and  composed  of  very  different  ma- 
terials. Terrestrial  animals  are  of  less  value.  They  are  subject  to  rapid 
and  extreme  changes  in  their  environment  through  changes  In  climate  and 
through  sudden  migrations.  They  suffer  accordingly  rapid  modifications 
in  their  structure  or  sudden  extinction.  They  are  also  less  likely  to  be 
preserved  in  the  rocks.  Every  shell  In  an  oyster  bed  may  be  preserved, 
while  from  a  million  horses  but  a  single  tooth  may  escape  destruction. 
In  an  interesting  address  at  the  meeting  of  the  British  Association  at 
Montreal,  in  1884,  Blanford  gave  it  as  his  opinion  that  determinations  of 
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KOol()jji<-;il  ajrt»  Iwisod  on  terrestrial  and  freshwater  faunas  and, floras  only 
are  extremely  likely  to  l»e  int-orrect. 

I'nfortnnately  for  us,  tlie  dei>osits  in  which  we  are  now  espe<-ially  in- 
terestetl  contain  few  or  no  marine  organisms,  but  abundant  freshwater 
and  terrestrial  animals  and  numerous  plants.  We  must  therefore  reach 
our  conclusions  by  somewhat  indirect  method>s  and  must  be  on  our  guard 
against  errors.  Still  more  nnfortunately  for  us,  the  paleozoologists  and 
the  paleobotanists  have  not  attained  the  same  results  from  their  studies. 

5.     The  Value  of  Plants  as  Indices  of  Geological  Dates. 

I  trust  that  the  paleobotanists  will  not  charge  me  with  trying  to  dis- 
parage their  science  when  I  proceed  to  show  that,  in  the  present  case  at 
least,  their  results  are  less  to  be  depended  on  than  those  obtained  by  the 
j)aleozoologists.  Without  doubt,  the  plants  have  as  interesting,  as  trust- 
worthy, and  as  valuable  a  story  to  tell,  when  rightly  deciphered,  as  do  the 
animal.s.  It  seems,  however,  that  in  some  cases,  other  than  the  one  before 
us,  the  significance  of  fossil  plants  has  ni)t  been  rightly  cnmprehended.  In 
Blanford's  address,  cited  above,  he  mentions  two  im^xn'tant  cases  in  which 
the  determination  of  the  age  of  certain  formations  have  ccmtradicted  those 
made  from  the  marine  animals.  One  case  is  lound  in  the  Goudwana 
system  of  India,  where,  as  Blanford  says,  "we  have  a  Uluetic  flora  over- 
lying a  Jurassic  flora  and  a  Trlassic  fauna  above  both."  Again  he  states 
that  "in  Australia  we  find  a  Jurassic  flora  associated  with  a  Carboniferous 
marine  fauna  and  overlain  by  a  Permian  freshwater  fauna." 

The  following  is  quoted  from  Lapparent  (Traitc,  p.  718)  : 

A  plus  d'une  reprise,  T^tude  des  flores  terrestres  a  iiaru  donner  des 
Indications  contradictoires  avec  celles  des  faunes  marines;  et  en  deniitM*e 
analyse  la  qu€»stion  a  toujours  (^te  tranchCe  en  faveur  de  ces  dernit^res. 

Geikie  makes  the  following  observation : 

Certainly  a  number  of  instances  are  know^n  where  an  older  tyi^e  of 
marine  fauna  is  associated  with  a  younger  type  of  flora. 

One  reason  why  plants,  at  least  those  of  the  northern  hemisphere, 

which  have  existed  since  the  beginning  of  the  Upper  Cretaceous,  seem  to 

be  of  only  secondary  value  in  correlating  formations   is  found   in  their 

apiMirently  extreme  conservjitisuL      While   the  species   have  changed,    the 

genera  have  changed  little.     As  an  illustration  of  this,  one  may  take  the 

list  of  plants  published  by  Doctor  Knowlton   (Wash.  Acad.  Sci.,  xi,  1909, 


1».  219)  as  oeenrriiig  in  wlmt  he  is  pleased  to  call  the  Tx)wer  Fort  Union, 
but  which  includes  the  Lance  Creek  and  Hell  Creek  beds  and  their  sup- 
posed equivalents.  One  niijjht  almost  imagine  it  to  be  a  list  of  )>lants 
found  in  a  recently  investigated  comer  of  the  world  on  the  latitude  of 
Louisiana.  On  page  225  it  is  stated  that  a  number  of  species  are  yet  liv- 
ing, while  others  are  so  obviously  close  to  living  species  as  to  be  separated 
with  difficulty.  Such  inert  organisms,  subject  also  to  all  the  vicissitudes 
of  life  on  the  land,  can  hardly  be  regarded  as  good  indicators  of  the  pas- 
sage of  time.  Since  that  epoch  the  genera,  families,  and  even  orders  of 
warm-blooded  vertebrates  have  almost  completely  changed. 

The  opinion  held  by  some  distinguished  geologists  and  paleontologists 
that  the  so-called  Laramie  beds,  or  all  of  these  except  the  lowest,  belong 
to  the  Tertiary  api)ears  to  have  rested  until  recently,  at  least,  mostly  on 
the  statements  of  Professor  Leo  Lesquereux,  the  paleontologist  of  the 
Hayden  Survey.  He  and  Dr.  Hayden  at  first  regarded  these  deposits  as 
belonging  to  the  Mio<*ene.  but  later  as  belonging  to  the  lowermost  Eocene. 
Passing  over  I^scjuereux's  earlier  writings  I  refer  to  one  of  his  latest 
ntterances  on  the  subject,  found  in  the  eighth  volume  of  the  monographs 
of  the  Geological  Suney  of  the  Territories,  part  three,  published  In  1883. 
On  page  109  I.,es<iuereux  makes  this  statement: 

The  flora  of  the  Laramie  group  has  a  relation,  remarkably  defined., 
with  that  of  S^»zanne. 

Now,  the  flora  of  Suzanne,  a  town  in  France,  comes  from  beds  that 
l>elong  to  the  Thanetlan,  at  the  very  base  of  the  L')wer  En<*ene.  I^es- 
quereux's  statement  Is  followed  by  a  table  of  the  species  which  he  sui>- 
lH)sed  had  been  found  in  the  ILiaramie  at  various  localities.  The  beds  at 
some  of  these  localities  are  now  known  to  be  somewhat  older  than  any 
Laramie,  those  at  one  or  two  localities  a  little  younger  than  Laramie.  In 
the  table  is  a  column  in  whicl>  are  checked  off  the  species  of  Laramie 
plants  that  Lesciuereux  believed  to  be  Identical  with  or  closely  related  to 
species  found  at  Sfeanne;  in  another  column  the  species  that  he  supposed 
were  found  also  in  the  Oligocene  of  Europe;  in  a  third  column  those  that 
he  believed  to  occur  also  In  Euroi)ean  Miocene  deposits.  Naturally,  one 
would  expect,  in  view  of  I^esquereux's  statement  quoted  above,  that  the 
identical  and  closely  related  species  of  the  S^anne  column  would  out- 
number those  of  the  Miocene  ct)lumn.  On  the  contrary,  only  three  spe<*ies 
were  regarded  by  him  as  identical  with  Suzanne  species,  while  twenty- 
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seven  species  are  recorded  as  ideutical  with  Euroi)ean  Miocene  species. 
If  we  count  In  each  case  the  plants  that  were  supposed  to  be  closely  re- 
lated to  the  European  species,  but  not  Identical,  we  find  twenty-five  in  the 
S^anue  column  and  thirty  three  in  the  Miocene  column.  Adding  the 
Identical  and  the  related  species  in  each  case  it  is  seen  that  there  are  in 
the  Suzanne  column  twenty-eight  species,  sixty  in  the  Miocene  column. 
Therefore,  it  becomes  difficult  to  understand  how  Professor  I^squereux 
derived  his  conclusion  from  his  premises.  What  his  table  really  proved 
was  that  the  Laramie  deposits  belong  to  the  Miocene.  Had  Cope  and 
other  paleontologists  examined  the  table  itself,  instead  of  accepting  the 
author's  statement  regarding  it,  they  would  either  have  distrusted  the  evi- 
dence from  the  plants  more  than  they  did  or  would  have  concluded  that 
the  dinosaurs  ranged  up  into  the  Miocene. 

It  is  not  to  be  supposed  that  all  paleobotanists  accepted  Lesquereux's 
views.  These  views  were  strongly  opposed,  especially  by  Newberry,  as 
early  as  1874  and  as  late  as  1889.  The  following  is  quoted  from  New- 
berry (Trans.  N.  Y.,  Acad.  Sci.,  ix,  1889,  p.  28)  : 

If  Prof.  Cope  bad  not  accepted  Mr.  Lesquereux's  conclusion  In  regard 
to  the  age  of  the  deposit  [at  Black  Buttes],  and  had  recognized  the  fact 
that  there  are  no  Tertiary  plants  in  the  true  Laramie,  he  would  have  seen 
that  there  Is  no  discrepancy  between  the  testimony  of  the  plant  and  animal 
remains. 

It  is  to  be  taken  into  consideration  here  that  Newberry  believed  that 
the  Laramie  was  directly  overlain  by  the  Fort  Union.  The  latter  beds 
have  usually  been  regarded  as  belonging  to  the  Eocene.  However,  the  fol- 
lowing may  be  quoted  from  Lester  F.  Ward,  who  had  studied  especially 
collections  of  plants  from  the  Fort  Union  deposits  (Bull.  Geol.  Soc.  Amer.. 
i,  1890,  p.  531)  : 

In  fact,  the  material  from  the  Fort  Union  formation  which  is  still  in 
my  hands  inclines  me  to  believe  that  there  would  really  be,  as  I  then  stated, 
no  inconsistency  in  assigning  to  the  Fort  Union  an  age  as  ancient  as  the 
closing  period  of  the  Cretaceous  system. 

6.    The  Completeness  of  Record  of  Animal  Life  as  Compared  With 

That  of  Plant  Life. 

There  is,  in  the  present  state  of  knowledge,  a  great  contrast  between 
the  incompleteness  of  the  plant  record  above  the  Fox  Hills  formation  and 
the  fullness  of  the  animal  record.    Plants  are  abundant  throughout  the 
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aeries  that  has  been  called  I^ramie  and  in  the  Fort  Union.  Again,  they 
are  found  in  the  Green  River  beds,  in  the  White  River  beds,  and  in  the 
deposits  at  Flori.ssant,  Colorado.  Otherwise,  the  record  is  mostly  missing. 
On  the  other  hand,  tlie  history  of  the  vertebrates  is  quite  full.  Between 
the  Fox  Hills  and  the  present  time  there  are  Icnown  probably  nearly  twenty 
distinct  faunas  and  it  has  been  found  ixissible  to  correlate  these  in  most 
cases  closely  with  European  faunas.  With  such  a  series  at  command,  the 
extremes  of  which  differ  enormously,  while  the  mean  terms  sometimes 
grade  into  their  successors,  at  other  times  differ  greatly  from  the  next 
comers,  the  paleontologist  need  not  go  far  astray  in  determining  the  pr(^)er 
level  of  each  fossil-bearing  deposit.  It  may  be  remarked  that  when  the 
paleobotanist  refers  the  Green  River  beds  to  the  Oligocene,  while  the  ver- 
tebrate paleontologists  put  them  at  the  bottom  of  the  middle  Eocene,  a 
serious  dislocation  of  views  is  indicated. 

7.    The  Beginning  of  the  Eocene  in  Eukope  and  America. 

When  one  comes  to  correlate  formations  in  America  with  those  of 
distant  countries  great  difficulties  are  liltely  to  be  experienced.  Interrup- 
tions in  stratification  are  not  likely  to  occur  at  the  same  time  in  America 
and  Europe  and  Asia.  On  account  of  differences  in  the  character  of  the 
deposited  materials,  the  climate,  the  interposition  of  barriers,  and  other 
features  of  environment,  the  contained  organisms  must  differ  to  a  greater 
or  lehs  extent.  In  the  case  of  the  beds  about  which  exists  our  dispute, 
they  are  neither  of  marine  origin  nor  in  contact  with  strata  of  purely 
marine  origin.  Hence  they  cannot  be  compared  directly  with  either  the 
typical  uppermost  Cretac*eous  deposits  of  Europe,  the  Danian,  nor  with 
the  Thanetian,  the  lowermost  European  Eocene.  The  Lance  Creek  beds, 
the  Hell  Creek  beds,  and  others  related  to  them  have  been  produced 
mostly  through  the  action  of  fresh  waters  and  they  contain  remains  of  land 
plants,  freshwater  moUusks  and  fishes,  reptiles  inhabiting  the  water  and 
the  land,  and  a  few  terrestrial  mammals.  In  such  a  situation  we  must 
have  recourse  to  Indirect  means  of  correlation. 

In  the  vicinity  of  Rheims,  France,  In  deposits  belonging  to  the  Thane- 
tian, there  has  been  found  a  considerable  number  of  genera  and  species 
of  extinct  mamma  is,  together  with  some  birds,  reptiles,  and  fishes.  The 
mammals  have  been  studied  and  described  by  Lemoine.  On  the  strength 
of  this  fauna  these  Cemayslan  beds  were  correlated  with  the  Puerco  at  a 
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time  when  this  term  was  applied  to  l)etls  now  separated  and  Ivnown  as 
Puerco  and  Torrejon.  There  is  tluis  furnished  a  means  of  l)ej?inning  a 
correlation  of  our  land  and  freshwater  Tertiary  deposits  with  those  of 
Europe;   but  we  nee<l  ever  to  keep  In  mind  the  possibilities  of  error. 

I  believe  tliat  any  one  who  may  carefully  (*ompare  the  Oernaysian 
fauna  with  the  faunas  of  our  Puerco  and  Torrejon  must  conclude  that  tlie 
Cernaysian  corresprmds  more  closely  with  that  of  our  Torrejon  than  with 
that  of  the  older  Puerco.  I  find  that  Osbom  had  reached  this  conclusion 
in  1900  (Ann.  N.  Y.  Acad.  Sci.,  xiii,  pp.  9,  10)  ;  and  in  his  latest  matter 
on  the  subject  he  correlates  the  Torrejon  with  the  Thanetian,  or  Cernay- 
sian (Bull.  361,  U.  S.  Geol.  Surv.,  p.  34).  Indeed,  it  seems  not  improbable 
that  the  Cernaysian  is  a  little  more  recent  even  than  our  Torrejon. 

It  has  been  demonstratetl  that  at  least  a  part  of  the  Fort  Union  for- 
mation is  the  equivalent  of  the  Torrejon.  Hence,  wherever  the  latter  is 
put  the  Fort  Union  or  some  part  of  it  must  go.  Tlie  base  of  the  Tertiarj^ 
being  drawn  in  Europe  at  the  bottom  of  the  Thanetian,  there  appears  to 
be  no  good  reason  why  in  our  country  it  should  not  be  drawn  above  the 
Puerco,  possibly  above  the  Torrejon  and  the  Fort  Union.  Certainly,  when 
geologists  and  vertebrate  paleontologists  have  consented  to  include  the 
Puerco  and  the  Torrejon  in  the  Eot^ene  they  have  lowered  the  base  of  the 
latter  formation  to  its  extreme  level.  To  include  now  in  the  Eocene  the 
"Ceratops"  beds,  the  Hell  Creek  beds,  the  Arapahoe  and  the  Denver, 
would  be  to  add  to  it  some  hundreds  of  feet  of  deposits  which,  in  the 
opinion  of  vertebrate  paleontologists,  contains  a  considerably  older  fauna 
than  that  occurring  In  the  Cernaj'sian  beds,  and  which  with  equal  confi- 
dence the  invertebrate  paleontologists  refer  to  the  Cretaceous. 

8.     Relationship  of  Fauna  of  Lance  Cbeek  Epoch  to  Those  of  PrERco 

AND    TOBBEJON. 

Inasmuch  as  those  geologists  and  paleobotanists  who  favor  the  trans- 
ference of  a  large  part  of  the  .Laramie  (as  formerly  understood)  to  the 
Tertiary  insist  that  the  fauna  of  the  Lance  Creek  and  the  Hell  Creek  beds 
is  more  closely  related  to  that  of  the  Puerco  and  that  of  the  Torrejon  than 
to  any  Cretaceous  fauna,  this  question  must  be  considered.  With  regard 
to  the  relationships  of  the  mammals  of  the  Lance  Creek  beds  to  those  of 
the  Puerco  and  Torrejon  extremely  diverse  views  have  been  expressed. 
Marsh  (Amer.  Jour.  Scl.,  xliii,  1892,  pp.  250.  251)  says  that  the  mammals 
of  the  Lance  Creek  deposits 
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are  not  transitional  between  tlie  Mesozoic  and  Tertiary  forms,  but  their 
affinities  are  with  the  former  beyond  a  doubt;  thus  indicating  a  great 
fauna!  breali.  *  *  ♦  and  the  great  break  is  between  this  horizon 
[the  Peurco]  and  the  Cera  tops  beds  of  the  Laramie.  *  *  *  It  is  safe 
to  say  that  the  faunal  break  as  now  known  between  the  Laramie  and  the 
lower  Wasatch  [Puerco]  is  far  more  profound  than  would  be  the  case  if 
the  entire  Jurassic  and  the  Cretaceous  beloy  the  Laramie  were  wanting. 

Cope  (Amer.  Naturalist,  xxvi,  1892,  p.  762),  quoting  from  Marsh  the 
words  "the  more  the  two  [Laramie  and  Puerco]  are  compared  the  stronger 
the  contrast  between",  adds: 

It  is  true  that  no  Ungulata  have  yet  been  found  in  the  Laramie,  while 
they  abound  in  the  Puerco,  but  we  cannot  be  sure  that  they  will  not  yet  be 
found;  the  probabilities  are  that  they  existed  during  the  Laramie  and 
that  it  is  due  to  accident  that  they  have  not  been  obtained.  But  the  Multi- 
tuberculata  of  the  two  faunae  are  much  alike. 

Osbom  (Bull.  Amer.  Mas.  Nat.  Hist,  v.,  1893,  p.  311)  writes: 

This  I^ramie  fauna  Is  widely  separated  from  the  Upper  Jurassic,  and 
is  more  nearly  parallel  with  the  basal  Eocene  forms  of  the  Puerco  and  the 
Cernaysian  of  France.  ♦  ♦  ♦  These  conclusions  are  directly  the  re- 
verse of  those  expressed  by  Marsh  in  his  three  papers  upon  this  fauna. 

Cross  (Geology  of  the  Denver  Basin,  p.  220)  concludes  that  this  differ- 
ence of  opinion  deprives  the  mammalian  remains  of  much  of  their  value 
in  the  present  discussion. 

To  the  present  writer  Marsh's  opinion  seems  to  be  erroneous.  Geo- 
logically, of  course,  the  Jurassic  mammals  are  much  farther  removed 
from  those  of  the  Lance  Creek  beds  than  the  latter  are  from  those  of  the 
Puerco,  Torrejon,  and  Fort  Union.  The  same  remark  may  justly  be  made 
regarding  the  stage  of  development  attained  by  the  Jurassic  mammals. 
Systematically  considered,  the  case  Is  different;  and  the  solution  of  the 
problem  depends  on  the  systematic  relationships  of  the  Jurassic  mammals 
to  those  of  the  Lance  Creek  beds  and  of  the  latter  to  the  mammals  of  the 
Puerco  and  Torrejon.  If  it  shall  result  that  all,  or  nearly  all,  of  the  Lance 
Creek  mammals  belonged  to  the  Marsupialia  and  the  Monotremata,  then 
Marsh's  opinion  will  be  In  great  measure  justified.  If,  on  the  other  hand, 
it  shall  be  shown  hereafter  that  a  large  nmnber  of  the  Lance  Creek  mam- 
mals were  placentals  and  the  near-by  ancestors  of  the  Puerco  and  Torre- 
jon faunas  the  break  between  the  former  and  the  latter  will  not  be  a  pro- 
found one;  nevertheless  more  Important  than  formerly  supposed  by  Os- 
bom. 
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It  must  be  understood  that  our  knowledge  of  the  mammals  of  the 
Lance  Creek  and  related  formations  is  of  a  very  unsatisfactory  kind. 
With  few  exceptions,  all  that  is  known  of  these  animals  has  been  derived 
from  their  teeth,  not  found  in  place  in  the  jaws,  but  scattered  singly 
through  the  rocks.  Better  known  are  the  Jurassic  mammals,  for  of  these 
many  jaws  have  been  secured.  Recently  considerable  light  has  been 
thrown  on  the  marsupials  of  the  Lance  Creek  and  Fort  Union  formations 
through  the  discovery  of  the  skull  and  some  parts  of  the  skeleton  of 
PHlodus  (Gidley,  Proc.  U.  S.  Nat  Mus.,  xxxvi,  p.  611).  The  oth&c  genera 
await  elucidation.  Osborn's  statement  of  the  situation  may  be  accepted 
(Evolution  of  the  mammalian  molars,  1907,  p.  95)  : 

It  is  possible  that,  besides  Marsupials,  we  find  here  Insectivores, 
primitive  Carnivores,  and  the  ancestors  of  ancient  Ungulates ;  but  it  is  ob- 
vious that  the  determination  of  relationships  from  such  isolated  materials 
is  a  very  difficult  and  hazardous  matter. 

Notwithstanding  this  appreciation  of  the  situation,  Professor  Osborn 
has  ventured  (op.  clt,  pp.  12,  22,  115)  to  refer  his  Trituberculata,  Marsh's 
Pantotheria,  to  the  infraclass  Placentalia.  No  adverse  criticism  can  be 
made  on  this  procedure,  in  case  its  tentative  character  is  understood. 

Now,  while  this  uncertainty  reigns  regarding  the  systematic  relation- 
ships of  the  mammals  of  the  Lance  Creek  and  related  deposits,  the  case  Is 
different  as  soon  as  attention  is  given  to  the  mammals  of  the  Puerco,  Tor- 
rejon,  and  Fort  Union.  Some  of  them  betray  by  their  tooth  succession 
and  other  characters  that  they  are  true  placentals.  Many  of  them  may  be 
referred  with  confidence  to  orders  and  families  that  continued  long  after- 
wards, some  of  them  probably  to  the  present  day. 

That  a  considerable  gap  existed  between  the  mammals  of  the  Lance 
Creek  formation  and  those  of  the  Puerco  and  Torrejon  is  evident  from  the 
state  of  development  of  the  teeth.  Osborn,  speaking  of  the  teeth  of  the 
Upper  Cretaceous  mammals  [Lance  Creek]  says  (Bull.  Amer.  Mus.  Nat. 
Hist,  v.,  189.3,  p.  321)  that  in  none  of  the  molars  hitherto  described  and 
in  none  of  his  collection  of  about  4(X)  teeth  and  some  jaws  was  there  any 
trace  of  the  hypocone,  or  posterior  internal  tubercle.  Nor  was  any  hypo- 
cone  recognized  in  the  genera  described  by  him  in  3898  (Bull.  Amer.  Mus., 
Nat.  Hist,  X,  p.  171).  Undoubtedly,  however,  the  hypocone  is  sometimes 
present  in  a  rather  rudimentary  condition,  as  I  have  observed  in  teeth 
shown  me  by  Mr.  Gidley,  of  the  U.  S.  National  Museum.     Nevertheless, 
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the  teeth  of  all  the  mammals  of  the  Lance  Creek  stage,  except  those  of 
the  Allotheria,  are  triangular,  showing  that  the  possessors  were  either  in- 
sectivorous or  flesh-eating  in  their  habits. 

On  the  other  hand,  there  are  several  genera  of  Puerco  mammals  that 
IKMssess  a  well  developed  hypocone  and  internal  cingulum.  In  some  cases, 
where  the  hyi)ocone  had  no  great  development,  the  hinder  internal  part  of 
the  tooth  had  swollen  so  as  to  reduce  much  the  gap  between  the  successive 
teeth  and  produce  a  broad  triturating  surface.  In  Poly  mastodon,  which 
must  have  been  a  vegetarian,  an  extensive  triturating  surface  was  secured 
in  another  way.  It  presents  a  great  advance  over  the  teeth  of  any  of  the 
Lance  Creek  Allotheria.  If  It  is  considered  how  slowly  changes  In  tooth 
structure  had  advanced  during  the  Mesozoic  era  we  must  conclude  either 
that  a  considerable  interval  had  elapsed  between  the  Lance  Creek  epoch 
and  that  of  the  Puerco  or  that  the  animals  of  the  latter  were  not  de- 
scendants of  the  former. 

There  are  important  differences  between  the  mammals  of  the  Lance 
Creek  beds  and  those  of  the  Puerco  as  regards  the  size  attained.  Most  of 
the  former  are  oi  insignificant  proportions,  resembling  in  this  respect  those 
of  the  Jurassic;  while  many  of  those  of  the  Puerco  are  large.  Further- 
more, there  was  in  the  mammals  of  the  Puerco  a  far  greater  variety  of 
form,  structure,  and  systematic  relationships  than  among  those  of  the 
Lance  Creek  mammals.  Of  the  latter,  there  have  been  descril)ed  about 
twenty-five  genera  and  about  forty-five  species,  most  of  them  by  Marsh. 
Osbom  has  regarded  himself  as  justified  in  reducing  these  to  about  ten 
genera,  these  representing  a  very  few  families.  From  the  Puerco  Matthew 
(Bull.  361,  U.  S.  Geol.  Surv.,  1909,  p.  91)  recognizes  twenty-nine  species, 
belonging  to  eighteen  genera  and  nine  families.  To  what  extent  this  in- 
creased diversification  of  the  mammalian  life  of  the  Puerco  is  due  to  im- 
migration we  can  not  now  tell;  but  it  does  not  seem  to  be  necessary  to 
assume  that  it  was  due  to  invasion  of  mammals  from  some  other  region. 
For,  In  view  of  the  interval  between  the  two  formations  that  is  indicated 
by  the  plants  and  reptiles,  it  is  possible  that  the  Puerco  mammals  are  the 
direct  descendants  of  those  of  the  Lance  Creek  epoch. 

In  ease  there  was  no  serious  interruption  In  dei)osition  between  the 
Lance  Creek  beds  and  the  Puerco  and  Fort  Union,  one  might  expect  to 
find  close  relationships  between  the  reptiles  of  the  two  levels.  Crocodiles 
are  not  abundant  In  either  and,  so  far  as  known,  no  species  passes  from 
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the  one  formation  to  the  other.  Champsosaums,  belonging  to  another 
order,  is  found  in  the  l)ed8  of  the  Lance  Creek  region  and  at  Hell  Creek 
and  also  in  the  Puerco;  but  probably  no  species  is  common  to  the  lower 
and  the  upper  levels.  This  genus,  like  Ptilodua,  serves  to  show  that, 
though  there  may  have  been  a  considerable  interval  between  the  Lance 
Creek  and  the  Puerco,  it  was  not  an  enormous  one.  The  dinosaurs,  which 
were  such  a  conspicuous  feature  of  the  Lance  Creek  epoch,  appear  to  have 
disappeared  completely  before  the  time  of  the  Puerco  and  Fort  Union. 
Of  turtles,  some  families  passed  from  the  one  formation  to  the  other,  but 
probably  no  species.  A  pleurodire,  representing  a  large  group  of  turtles 
found  now  mostly  south  of  the  equator,  was  present  in  the  "Laramie"  of 
New  Mexico;  but  no  member  of  the  group  is  known  to  have  existed  in 
North  America  after  that  time.  Certain  other  genera  of  turtles  {Adocua, 
Euhaena,  ThescelvSj  BaHlemys,  Helopanoplia)  are  not  known  to  have 
passed  from  the  Lance  Creek  level  Into  that  of  the  Puerco  and  Fort  Union ; 
and  other  genera  (Alamosemys,  Hoplochelys,  Conchochelys,  Amydaf)  ap- 
pear to  have  had  their  beginning  in  the  Puerco.  It  may  further  be  said 
that,  while  turtles  were  very  abundant  in  the  Lance  Creek  epoch,  they 
appear  to  have  been  very  rare  in  the  Fort  Union,  though  of  more  frequent 
occurrence  in  the  Puerco. 

As  regards  the  mollusks  I  find  this  statement  made  by  Doctor  Stanton 
(Wash.  Acad.  Scl.,  xi,  p.  264),  where  he  is  speaking  of  a  Fort  Union  local- 
ity in  Montana : 

The  Unios  are  all  of  simple  type  and  do  not  include  any  of  the  pecu- 
liarly sculptured  forms  like  those  of  Hell  ('reek,  Converse  County,  and 
Black  Buttes. 

The  plants,  conservative  as  they  are,  testify  even  more  strongly  than 
do  the  animals  to  a  considerable  interval  between  the  Lance  Creek  epoch 
and  the  Fort  Union.  According  to  Doctor  Knowlton  (Wash.  Acad.  Scl., 
xl,  p.  221),  out  of  84  Identified  si>ecies  found  In  the  Lance  Creek  eiK)ch 
("Lower  Fort  Union")  68  occur  in  the  Fort  Union.  Hence  16  species, 
nearly  20  i)er  cent,  api)ear  to  have  failed  to  reach  the  higher  beds.  It  Is 
to  be  noted  here  that  about  .300  plants  are  known  from  the  Fort  Union 
and  only  about  200  from  the  Lance  Creek  beds.  For  a  group  of  organisms 
that  even  then  contained  a  considerable  number  of  si)ecies  yet  e^vistlng, 
or  very  close  to  forms  yet  existing,  the  loss  of  a  fifth  of  their  forces,  at 
a  time  when  there  api)ears  to  have  been  little  change  of  climate,  indicates 
the  lai)se  of  an  Important  Interval. 
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The  base  of  the  Eocene  Is  usually  regarded  as  eontaluing  a  small  per 
cent  of  the  marine  mollusks  yet  living;  the  beginning  of  the  Miocene, 
about  17  per  cent  of  yet  existing  species ;  and  the  beginning  of  the  Pliocene 
about  36  per  cent.  If  now  plants  have  changed  in  species  during  the  lapse 
of  geological  time  with  about  the  rapidity  that  marine  mollusks  have 
changed,  the  Fort  Union  beds  ought  to  be  arranged  in  the  Lower  Miocene. 
This  would  harmonize  quite  well  with  the  Idea  that  the  Green  River  beds 
belong  to  the  Ollgocene. 

9.    Relationship  of  Lance  Cbeek  Fauna  to  That  of  the  Judith  River 

Epoch. 

Having  demonstratetl,  as  I  think  I  have,  that  there  was,  between  the 
time  of  the  dejwsitlon  of  the  Lance  Creek  beds  and  those  known  as  Puerco 
and  Fort  Union,  a  nearly  complete  change  in  the  fauna  and  a  considerable 
change  in  the  flora,  I  will  endeavor  to  show  that  the  fauna  of  the  former 
beds  is  closely  related  to  that  of  the  Judith  River,  a  formation  now  recog- 
nized as  being  well  down  in  the  Upper  Cretaceous  and  separated  from  the 
lowermost  Laramie  by  about  1,000  feet  of  marine  Cretaceous  strata 
(Stanton,  Wash.  Acad.  Scl.,  xi,  p.  256).  This  close  relationship  of  the  two 
faunas  has  been  recognized,  it  may  be  truthfully  said,  by  all  paleontolo- 
gists who  have  given  attention  to  the  subject.  For  a  long  time  it  misled 
geologists  and  paleontologists  Into  the  conclusion  that  all  the  deposits  In 
question  belonged  to  a  single  epoch.  Mr.  J.  B.  Hatcher,  who  had  collected 
extensively  both  In  the  Judith  River  region  and  in  the  Lance  Creek  l)eds, 
and  who  had  studied  closely  the  vertebrates  of  l>oth  regions,  writes  (Bull. 
U.  S.  Geol.  Surv.,  257,  p.  301)  : 

When  considered  In  its  entirety,  the  vertebrate  fauna  of  these  beds 
[Judith  River]  Is  remarkably  similar  to,  though  distinctly  more  primitive 
than,  that  of  the  Laramie  [Lance  Creek  be<ls].  Almost  or  quite  all  of  the 
types  of  vertebrates  are  present,  though,  as  a  rule,  they  are  represented 
by  smaller  and  more  primitive  forms. 

Doctor  T.  W.  Stanton,  paleontologist  of  the  U.  S.  Geological  Survey, 
who  examined  in  company  with  Professor  Hatcher  the  Judith  River  basin, 
and  who  has  given  especial  attention  to  the  Invertebrate  fauna,  records  in 
the  same  bulletin   (p.  121)  his  opinion: 

When  full  collections  are  compared  It  will  usually  be  easy  to  distin- 
guish between  Judith  River  and  Laramie  from  the  brackish-water  fossils 
alone,  but  if  the  collections  are  meager  and  fragmentary  it  may  not  be 
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practicable  to  do  so.  *  *  *  Taken  as  a  whole,  the  fresh-water  faunas 
of  the  Judith  River  and  the  Laramie  are  somewhat  more  distinct  than  the 
brackish-water  faunas  of  the  same  formations,  and  with  fairly  complete 
collections  it  should  not  be  very  difficult  to  distinguish  them  in  the  labora- 
tory. 

When  w^e  come  to  compare  the  vertebrates  of  the  Judith  River  beds 
with  those  of  the  Lance  Creek  deposits  it  becomes  necessary  practically 
to  ignore  the  mammals,  inasmuch  as  only  two  species  of  these  have  up  to 
this  time  been  discovered  in  the  Judith  River.  These  are  Ptilodm  pri- 
mwvus  and  Borodon  matutinus,  both  described  by  Lambe  from  the  Belly 
River  beds  of  British  America.  The  former  of  these  fossils  is  related  to 
species  of  the  same  genus  found  in  the  Lance  Creek  beds  and  in  the  Tor- 
rejon,  the  latter  genus  is  of  undeteniilned  relationship. 

Fishes. — Beginning  with  the  fishes,  there  have  been  described  from 
the  Judith  River  beds  eight  species.  In  the  Lance  Creek  beds.  Converse 
County,  Wyoming,  Professor  Williston  (Science,  xvi,  1902,  p.  952)  found 
materials  which  he  refers  to  two  of  these  species  (Myledaphus  bipartitus, 
Lepisosteus  occidentalis) .  One  of  these  fishes,  Myledaphus  Mpartitus, 
seems  to  be  a  ray.  The  rays  are  almost  wholly  inhabitants  of  salt  water ; 
hence  the  persistence  of  this  Judith  River  freshwater  form  is  somewhat 
remarkable.  A  supposed  sturgeon,  Aoipenser  alherten^is,  found  by  Lambe 
in  the  Belly  River  beds,  occurs,  according  to  Williston,  in  the  Lance  Creek 
beds.  From  the  Belly  River  beds  Mr.  Lambe  described  a  remarkable 
si)ecies  of  fish  which  he  called  Diphyodus.  Hatcher  states  that  similar 
jaws  are  common  both  In  the  Judith  River  beds  of  Montana  and  in  the 
deposits  of  Converse  County,  Wyoming.  From  the  Hell  Creek  beds  of 
Wyoming  Mr.  Barnum  Brown  has  reported  the  discovery  of  another  spe- 
cies of  the  same  genus. 

Tailed  Amphibians. — Of  the  tailed  amphibians,  at  ail  times  rare  fos- 
sils, Cope  described  from  the  Judith  River  region  four  species,  all  members 
of  the  genus  Scapherpeton,  Lambe  believes  that  he  has  found  one  of  these 
In  the  Belly  River  Ijeds,  a  fact  that  shows  the  somewhat  extended  distri- 
bution of  the  genus  at  that  epoch.  Williston  found  one  of  the  species  in 
the  Lance  Creek  beds  and  Brown  reported  a  species  from  the  Hell  Creek 
deposits.  While  it  is  true  that  these  fishes  and  amphibians  are  mostly 
represented  by  fragmentary  remains,  these  remains  are  usually  character- 
istic and  caiMible  of  accurate  comparison.  Tliat  Myledaphus  should  reai)- 
pear  after  an  Interval  allowing  the  deijosition  of  1,000   feet  of  marine 
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strata  and  probablj'  some  hundreds  of  feet  of  freshwater  strata,  is  re- 
markable enough;  but  that  it  should  reappear  in  company  with  its  old 
companions,  the  rare  Oiphyodns  and  ficaphcrpeton,  not  to  mention  the  more 
highly  developed  fauna  yet  to  be  discussed,  is  very  strilcing.  Had  there 
occurred  at  both  levels  only  some  pebbles  of  three  peculiar  forms  or  com- 
positions, instead  of  the  three  genera,  the  conclusion  would  have  been  in- 
evitable that  there  was  some  particular  connection  between  the  two  for- 
mations. 

Champsosaurus,  Crocodiles, — Coming  next  to  the  reptiles,  it  may  first 
be  noted  that  species  of  Champsosaurus  occur  in  the  Judith  River  beds, 
in  the  Lance  Creek  beds,  in  those  of  the  Hell  Creek  region,  and  in  the 
Puerco.  It  is  probable  that  the  species  vary  from  one  formation  to  the 
other.  The  same  statement  can  probably  be  made  regarding  the  croco- 
diles. These  genera,  common  to  all  three  of  the  formations  under  discus- 
sion, may  be  left  out  of  consideration;  although  it  must  not  be  overlooked 
that  none  the  less  they  aid  in  binding  together  the  formations  In  which 
they  are  found.  As  to  the  crocodiles,  it  may  be  mentioned  that  Williston 
recognized,  In  teeth  and  scutes  found  in  the  Lance  Creek  beds,  Leidy's 
Vrocodylus  humiliSf  originally  described  from  the  Judith  River  region. 
From  the  Judith  River  beds  of  Alberta  Lambe  described  Leidyosuchus 
canadensis,  Mr.  C.  W.  Gilmore  will  soon  describe  a  second  species  of  the 
genus,  collected  last  summer  in  the  Lance  Creek  beds  of  Converse  County, 
Wyoming. 

Turtles, — As  regards  the  turtles,  certain  genera  have  already  been 
mentioned  as  appearing  not  to  pass  the  line  between  the  I^nce  Creek  for- 
mation and  the  Puerco  and  Fort  Union.  My  study  of  the  fossil  turtles  in- 
dicates that  the  species  of  these  animals  rarely  pass  from  one  epoch  to 
another.  If  they  have  ever  done  so  they  passed  from  the  Judith  River 
into  the  Lance  Creek  epoch.  There  are  five  or  six  species  of  Judith  River 
turtles  which  are  represented  in  the  Lance  Creek  and  Hell  Creek  beds  by 
turtles  of  identical  or  very  closely  related  species.  Most  of  these  are 
marked  by  such  peculiar  sculpture  that  they  are  easily  recognized  and 
some  of  them  likewise  are  represented  by  excellent  materials.  I  shall  take 
the  pains  to  give  some  details. 

Voinpscmyat  ohscura  I^idy  was  originally  described  from  beds 
probably  belonging  to  the  I^nce  Creek  epoch  and  found  at  Ix)ng  Lake, 
N.  Dakota.    Not  much  of  it  is  known,  but  the  sculpture  Is  distinctive. 
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It  was  included  by  Cope  in  liis  list  of  Judith  River  vertebrates.  Barnmu 
Brown  found  what  aiH)ear8  to  be  the  same  species  in  the  Hell  Creek  beds. 

Compsemys  vicia  Leidy  was  described  from  the  beds  of  Long  Lake. 
Its  sculpture  is  characteristic,  resembling  small,  closely  placed,  pustules, 
that  cover  all  parts  of  the  shell,  and  api>earing  in  no  other  turtles.  It  is 
fragmentary,  but  very  common  in  the  Lance  Creek  l)eds.  Barnum  Brown 
has  collected  it  in  the  Hell  Creek  de{)osits.  Cope  included  it  in  his  list 
of  Judith  River  vertebrates.  He  also  found  it  in  Colorado,  in  deposits 
that  l>elong  to  either  the  Arapahoe  or  the  Denver.  I  am  able  to  say  that 
the  same  genus  is  represented  by  an  undescribed  species  in  the  Fort  Tnion. 

Aspiderctcfi  iovcntus  (I^idy)  was  described  from  the  Judith  River 
basin.  lieldy  had  other  8i)ecimens  from  Long  Lake,  N.  Dakota.  There 
are  many  fragments  of  the  si)e(?ies  In  a  collection  made  in  the  Judith  Basin 
for  Cope  by  Charles  Sternberg.  A  nearly  complete  carapace  was  found  in 
the  Belly  River  l>ed8  by  Laml)e.  Fragments  indistinguishable  from  the 
type  were  secureti  by  Barnum  Brown  In  the  Hell  (^reek  region.  The  cara- 
pace is  ornamented  by  a  characteristic  pitting. 

Aspiderctes  bvcvhvri  Hay  has  for  its  tjpe  a  s{>ecimen  in  Yale  Uni- 
versity which  lacks  little  more  than  the  head  and  a  part  of  the  neck.  Mr. 
Hatcher  collected  in  the  Judith  River  beds  two  quite  complete  carapaces 
which  I  have  examined,  without  being  able  to  distinguish  them  from  the 
tyi)e  of  A.  bcccheri. 

Adocus  lineolatus  Coi)e  is  a  turtle  that  is  not  well  known,  but 
fragments  of  what  appear  to  be  the  same  si>ecies  are  not  uncommon.  The 
sculpturing  is  peculiar.  The  type  was  found  in  Colorado,  in  probably  the 
Arapahoe  formation.  Cope  included  it  among  the  vertebrates  of  the  Judith 
basin,  and  Lambe  reported  it  from  Belly  River  deposits  in  Alberta.  Bar- 
num Brown  found  in  the  Hell  Creek  beds  what  seems  to  be  the  same 
species. 

The  genus  Basilcmys  is  represented  l)y  turtles  of  large  size  and  an  ex- 
traordinary form  of  sculpture.  The  type  B.  variolosa  (Cope)  has  as  its 
type  a  large  part  of  the  plastron  and  considerable  parts  of  the  carapace. 
This  type  was  found  in  the  Judith  River  basin.  Members  of  the  Canadian 
Geological  Survey  found  good  si)ecimens  of  the  species  in  the  Belly  River 
beds  in  British  America.  A  second  si)ecies  of  the  genus  has  been  dis- 
covered in  l)ed8  of  the  Lance  Creek  ei>och,  in  Custer  County,  Montana. 
The  type  is  a  complete  shell.    Had  only  fragments  been  found  that  did  not 
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Include  distinctive  parts,  this  specimen  would  have  been  regarded  as  be- 
longing to  B.  variolosa.  A  species  not  certainly  identified  occurs  in  the 
Hell  Creek  beds.  During  the  past  season  an  undescribed,  closely  related 
species  was  discovered  in  the  Lance  Creek  deposits  in  Converse  County, 
Wyoming,  by  a  member  of  the  V,  S.  Geological  Survey.  Nothing  re- 
sembling these  turtles  has  ever  been  found  in  beds  above  those  equivalent 
to  the  Lance  Creek  deposits.  Indeed,  nil  those  turtles  of  the  Upper  Cre- 
taceous which  had  the  carapace  and  plastron  sculptured  in  various  ways, 
appear  to  have  become  extinct  before  the  beginning  of  the  Tertiary.  Not 
long  after  the  opening  of  the  Tertiary,  in  the  Wasatch,  there  came  in  the 
Emydidae  and  the  Testudinids?,  and  these  developed  other  styles  of  orna- 
mentation of  the  shell. 

Figures  of  all  the  species  of  turtles  named  above  are  to  be  found  in  the 
present  writer's  **Fossil  Turtles  of  North  America." 

Dinosaurs, — Both  in  the  Judith  River  beds  and  in  those  of  the  Lance 
Creek  epoch  the  most  abundant  and  the  most  conspicuous  reptiles  are  the 
dinosaurs.  Five  families  of  these,  belonging  to  four  superfamilies  and  to 
two  suborders,  are  represented  in  the  Judith  River  epoch,  and  each  of  these 
families  reappears  in  the  Lance  Creek  epoch.  Furthermore,  many  of  the 
genera  are  common  to  the  two  formations  and  it  is  believed  that  the  same 
is  true  of  a  considerable  number  of  species.  From  the  Judith  River  beds 
Cope  described  eight  species  of  carnivorous  dinosaurs  that  seem  to  come 
under  the  genus  Dryptosaurus,  Mr.  Hatcher  (Bull.  U.  S.  Geol.  Surv., 
257,  p.  86)  mentions  the  occurrence  of  two  of  these,  called  by  him  Deinodon 
explanatus  and  /).  hazcnianus,  in  the  Lance  Creek  beds.  Another  car- 
nivorous dinosaur,  Deinodon  horridus,  was  originally  described  from  the 
Judith  River  beds.  Hatcher  (loc.  cit.,  p.  88,  Auhlysodon  mirandiis)  be- 
lieved that  it  was  found  likewise  in  the  Lance  Creek  beds.  Another, 
Zapsalis  abradens,  is  thought  (p.  84)  to  occur  in  both  formations.  The 
great  carnivorous  dinosaur  described  by  Osborn,  Tyrannosaurus  rex,  may 
be  a  descendant  of  Marsh's  Oi-nithomimus  grandis,  of  the  Eagle  formation, 
older  still  than  the  Judith  beds. 

In  the  herbivorous  order  Orthopoda  are  placed  the  remarkable  rep- 
tiles called  the  Stegosauria.  Two  species,  Troodon  formosus  and  Palwo- 
acincus  costatus,  are  mentioned  by  Hatcher  (loc.  cit.,  pp.  83,  88)  as  being 
represented  in  the  Lance  Creek  deposits  by  numerous  teeth  of  size  and 
pattern  similar  to  the  types,  which  were  described  from  the  Judith  River 
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formation.  lu  addition  to  these,  Barnum  Brown  has  described  from  the 
Hell  Creek  beds  a  large  stegosaur,  Ankylosaurus  mugniventris,  the  type 
of  a  new  family.  We  can  not  doubt  that  some  day  a  closely  related  form 
will  be  discovered  in  the  Judith  River  beds;  and  Indeed,  its  immediate 
ancestor  may  be  Lambe's  Stereocephalus  tutus,  from  the  Belly  River  de- 
posits. 

The  large  herbivorous  dinosaurs,  the  HadrosaurldrB,  which  were  ac- 
customed to  walk  about  on  their  hinder  limbs  only,  are,  according  to 
Cope's  identifications,  represented  in  the  Judith  River  formation  by  about 
nine  species.  The  Lance  Creek  and  the  Hell  Creek  beds  furnish  three  or 
four  species  of  the  family,  most  of  which  are  referred  to  the  genus  Hadro- 
aaunis,  or  Trachodon.  Whether  or  not  there  are  species  common  to  the 
two  formations  cannot  now  be  definitely  determined;  but  certainly  their 
relationships  are  very  close. 

Of  all  the  dinosaurs  that  are  found  in  the  formations  In  which  our 
Interest  is  now  centered  the  Ceratopsia  have  received  the  most  careful 
study.  What  the  present  state  of  knowledge  is  with  regard  to  these  re- 
markable reptiles,  may  be  learned  from  Hatcher's  monograph  of  the 
group,  completed  and  edited  by  Dr.  Lull  (Mon.  49,  U.  S.  Geol.  Surv.). 
Unfortunately  much  needs  yet  to  be  learned  about  them,  especially  about 
those  of  the  Judith  River  forms.  Approximately  nine  species  are  known 
from  the  Judith  River  deposits  of  Montana  and  British  America;  and 
at>out  fifteen  species  are  credited  to  the  Lance  Creek  beds,  of  Wyoming, 
and  to  the  Arapahoe  and  the  Denver,  of  Colorado.  Hatcher  and  Lull  con- 
clude that  those  of  the  Judith  epoch  are  somewhat  more  primitive  than 
those  of  the  beds  higher  up,  being  somewhat  smaller,  with  a  less  completely 
developed  nuchal  frill,  with  the  nasal  horn  relatively  larger  and  the 
supraorbital  horns  relatively  smaller  than  in  the  younger  forms.  It  is, 
however,  to  be  noted  that  the  naJ^al  horn  of  Ccratops,  of  the  Judith  River 
epoch,  is  not  yet  certainly  known.  For  the  most  part  the  genera  are 
based  on  the  characters  mentioned  above.  They  may  have  the  importance 
assigned  to  them,  but  they  do  not  indicate  radical  differences.  Such  differ- 
ences might  easily  have  arisen  during  an  interval  of  moderate  duration. 
There  can  be  no  doubt  that  the  Ceratopsia  of  the  higher  beds  were  derived 
directly  from  those  of  the  lower. 

The  possibility  may  be  fully  granted  that  furtlier  investigations  may 
prove  that  few  or  no  species  of  vertebrates  continued  from  the  Judith 
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River  epoch  to  that  which  witnessed  the  deposition  of  the  Lance  Creels  and 
Hell  Creek  beds.  Nevertheless,  nothing  can  Impair  the  force  of  the  evi- 
dence that  many  species  included  among  the  fishes,  the  tailed  amphibians, 
the  turtles,  the  crocodiles,  the  champsosaurians,  and  the  carnivorous  and 
herbivorous  dinosaurs  are  represented  in  both  formations  by  closely  re- 
lated forms.  The  remarkable  thing  about  the  matter  is  that  the  faunas  of 
the  two  formations,  separated  by  so  great  a  thickness  of  strata,  should  be 
so  similar.  We  must  conclude  that  deposition  went  on  rapidly  in  that  in- 
terval, so  that  it  may  not  have  been  so  long  as  otherwise  might  appear. 
There  could  hardly  have  been  movements  of  the  land  in  that  region  that 
produced  any  considerable  changes  of  climate.  During  the  Bearpaw  epoch 
the  sea  probably  quietly  Invaded  a  part  of  the  territory  that  had  previously 
been  occupied  by  the  Judith  River  animals ;  but  around  the  border  of  this 
Invading  sea  the  turtles,  the  crocodiles,  and  the  many  genera  of  the  dino- 
saurs continued  their  existence  and  their  evolution  undisturbed  until  that 
sea  retired.  And  doubtless  had  all  those  animals  in  that  region  been 
destroyed  there  was  an  extensive  territory,  nearly  the  whole  of  North 
America  as  far  as  the  Atlantic,  that  harbored  similar  forms,  from  which 
territory  new  recruits  could  swarm  In.  As  far  away  as  New  Jersey  there 
were  living  herbivorous  and  carnivorous  dinosaurs  not  greatly  different 
from  those  of  the  Judith  River  beds.  This  appears  to  be  true,  that  what- 
ever happened  to  the  plants  between  the  time  of  the  Judith  River  and  the 
Lance  Creek  beds,  nothing  of  serious  importance  happened  to  the  animals. 
By  those  who  Insist  on  elevating  the  deposits  of  the  Lance  Creek 
epoch  into  the  Tertiary,  a  persistent  effort  has  been  made  to  minimize  or 
nullify  the  significance  of  the  presence  of  dinosaurs.  As  long  ago  as  1880 
Heer  wrote  thus  (Arctic  Flora,  vol.  6,  pt.  2,  p.  7) : 

Der  Agathaumas  von  Black  Buttes  beweist  daher  keineswegs,  dass 
dort  eine  Tertlilr-Flora  zu  glelcher  Zelt  mlt  elner  Krelde-Fauna  gelebt 
habe,  wle  Prof.  Cope  dies  behauptet,  denn  ein  einzelnes  Thler  macht  so 
wenlg  elne  Fauna  aus,  als  eine  Pflanzenart  elne  Flora.  Wlr  k5nnen  daher 
Hm.  King  nlcht  belstimmen,  wenn  er,  mlt  Cope  und  Marsh,  die  Laramle- 
Gruppe  zur  Kreide  bringt. 

Mr.  Cross  and  Dr.  Knowlton  have  argued  that  the  dinosaurs  might 
have  continued  on  into  the  Eocene,  and  In  fact  did  so.  As  to  the  verte- 
brate paleontologists,  It  Is  not  probable  that  any  of  them  would  have  as- 
serted that  this  was  Impossible  and  some  of  them  have  granted  the  possi- 
bility.   In  holding  that  the  dinosaur  beds  belong  to  the  Mesozolc,  they 
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have  reasoned  that,  inasmuch  as  these  animals  are  characteristic  of  the 
Mesozoic  and  are  not  known  to  occur  In  the  Tertiary  of  any  other  region, 
they  probably  did  not  exist  during  any  part  of  the  Tertiary  of  this  coun- 
try. And  certainly,  there  is  a  mass  of  confirmatory  evidence  for  this  con- 
clusion. The  plants  have  appeared  to  furnish  evidence  against  it;  but, 
in  view  of  the  discrepancy  between  Lesquereux*s  conclusion  and  his  prem- 
ises, it  seems  that  the  paleozoologists  were  justified  in  their  conservatism. 
Mr.  Cross  writes  (Mon.  U.  S.  Geol.  Surv.,  xxvii,  p.  251)  : 

If  the  dinosaurs  of  the  Ceratops  fauna  did  actually  live  in  the  Laramie 
epoch  of  Colorado  they  survived  a  great  orographic  movement  and  its  ac- 
companying climatic  changes,  and  continued  through  the  Arapahoe  and 
Denver  epochs  so  little  modified  that  Professor  Marsh  has  not  detected 
any  changes  corresponding  to  the  stratigraphlc  time  divisions. 

Since  thi^  was  written  it  has  been  found  that  the  Judith  River  beds, 
which  contain  so  many  dinosaurs,  were  deposited  long  before  the  time  of 
the  Laramie.  We  thus  have  proof  that  these  dinosaurs  and  many  other 
forms  of  vertebrates  survived,  without  important  changes,  the  orographic 
movement  mentioned  by  Mr.  Cross.  It  seems  probable,  therefore,  that  this 
movement  was  not  so  widely  extended  and  so  long  continued  as  has  been 
supposed.  Why  the  dinosaurs  died  out  finally  we  do  not  know,  any  more 
than  we  know  why  numerous  other  vigorous  races  of  animals  have  per- 
ished from  the  earth.  That  the  causes  were  not  local  is  shown  by  the 
fact  that  in  Europe  likewise  they  became  extinct  just  before  the  appearance 
of  the  Cernaysian  fauna.  It  may  be  regarded  as  very  reprehensible  in 
them  that  they  thus  permitted  themselves  to  perish  before  the  Eocene 
came  on,  but  we  are  compelled  to  believe  the  record. 

In  the  preceding  pages  I  have  endeavored  to  show  that  the  deposits 
of  the  Lance  Creek  epoch  are  well  separated  from  those  of  the  Fort  Union, 
as  indicated  by  both  the  fauna  and  the  flora.  In  case  a  biological  break  is 
required  between  the  Cretaceous  and  the  Tertiary  such  a  break  seems  to 
be  present  here.  The  stratigraphical  break  appears  to  be  less  conspicuous ; 
yet  unconformities  are  not  absent  and  the  character  of  the  deposits  appears 
to  be  such  that  there  is  seldom  difficulty  in  separating  the  one  formation 
from  the  other.  Nevertheless,  it  seems  that  accurate  correlation  demands 
that  the  line  between  the  Mesozoic  and  the  Cenozoic  in  that  region  ought 
to  be  drawn  at  least  above  the  Puerco  and  probably  through  or  above  both 
the  Torrejon  and  the  Fort  Union.  The  exact  position  of  the  parting  must 
be  settled  after  further  investigations. 
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10.    Conclusions. 


1.  The  answer  that  the  writer  would  give  to  the  question  at  the  head 
of  this  paper  is  that  the  Lance  Creels  Ijeds  belong  to  the  Upper  Cretaceous. 

2.  In  the  Upper  Cretaceous  ought  to  be  included  also  the  Puerco  and 
not  improbably  also  the  Torrejon  and  the  Fort  Union. 

3.  In  case  of  a  conflict  between  the  evidence  furnished  by  the  flora 
and  the  fauna  of  the  I^ance  Creek  beds  and  those  of  the  Fort  Union  re- 
si>ectively,  the  evidence  obtained  from  the  faunas  is  to  be  preferred,  as 
t>eing  part  of  a  more  complete  and  l)etter  understood  history.  Present 
knowledge  regarding  plants  seems  to  indicate  that  they  were  precocious, 
having  reached  something  like  their  present  stnge  of  development  long 
before  the  mammals  attained  anything  like  their  present  stage  of  differ- 
entiation. There  are  also  indications  that  the  floras  of  the  western  world 
were,  during  the  Cretaceous,  considerably  in  advance  of  those  of  Europe. 

4.  Even  if  It  were  conceded  that  the  Fort  Union  belongs  to  the  Ter- 
tiary, and  that  the  fauna  and  flora  of  the  Lance  Creek  eiKK-h  are  more 
closely  related  to  those  of  the  Fort  Union  thin  they  are  to  those  of  the 
Judith  Kiver,  it  does  not  follow  that  the  I^ance  Creek  epoch  must  be  in- 
cluded in  the  Tertiary.  A  quarter  before  midnight  on  Monday  is  much 
nearer  to  Tuesday  than  it  is  to  the  previous  six  o'clock;  nevertheless,  it 
is  not  yet  Tuesday. 

U.  S.  National  Museum, 
Washington,  D.  C. 


305 


Paleontology  and  the  Recapitulation  Theory. 


By  E.  R.  Cumings. 


I. 

In  reply  to  a  severe  critique  of  the  reoapitiilatlon  theory,  or  biogenetic 
law,  by  Hurat  {'^0),  Bather  remarks  that  "If  the  embryologlsts  had  not 
forestalle<i  them,  the  paleontologists  would  have  had  to  Invent  the  theory 
of  re.'apitulatiou/*  (1)  This  may  l>e  considered  as  a  fair  sample  of  the 
general  attitude  of  paleontologists  of  the  Hyatt  school,  to  which  Bather 
lielongs,  toward  the  recapitulation  theory. 

Even  the  more  conservative  paleontologists,  while  inclined  to  use  the 
theory  cum  grano  salts,  recognize  the  weight  of  evidence  that  Hyatt  and 
his  coworkers  in  the  realm  of  paleobiology,  have  brought  together,  as  is 
evidenced  by  the  following  quotation  from  Zlttel  (65)  :  "Nevertheless 
embyri>nlc  tyi»es  are  not  entirely  wanting  among  Invertebrates.  The  Pale- 
ozoic Bellnuridip  are  l)ewilderlngly  like  the  larvae  of  the  living  Limulus. 
The  |)entacrinoid  larva  of  Antcdon  is  nearer  many  fossil  crlnoids  than  the 

full  grown  animal Among  i)elecyiXKls  the  stages  of  early  youth 

of  oysters  and  I*ectinldie  may  be  compared  with  Paleozoic  Aviculldie. 
Am  mg  bracliii.pods,  according  to  Beecher,  the  stages  which  living  Tere- 
bratulida'  pass  tlirough  in  the  devel()i)ment  of  their  arm-skeleton  corresimnd 
with  a  number  of  fossil  genera.  The  beautiful  researches  of  Hyatt,  Wllr- 
tenburger  and  Branc<».  have  shown  that  all  Ammonites  and  Ceratltes  i)ass 
through  a  gonlatlte  stage,  and  that  the  Inner  whorls  of  an  Ammonite  con- 
stantly resemble,  In  form,  ornament  and  suture  line  the  adult  condition  of 
.some  previously  existing  genus  or  other." 

In  violent  contrast  with  this  full  acceptance,  or  this  guarded  ac- 
ceptance of  the  theory  on  the  part  of  the  paleontologists,  Is  the  position  of 
a  ccmslderable  school  of  embryologlsts  and  zoologists.  I'erhaps  no  one 
has  put  the  case  against  the  theory  more  baldly  and  forcibly  than  Mont- 
gomery In  his  recent  book  on  '*An  Analysis  of  Racial  Descent"  (42).  He 
says:  "The  method  Is  wrong  In  principle,  to  c(  mpare  an  adult  stage  of 
one  organism  with  an  Immature  stage  of  another."  And  again :  **There- 
fore  we  can  only  conclude  that  the  embryogeny  does  not  furnish  any  re- 
capitulation of  the  phylogeny.  not  even  a  recai)itulatl(m  marred  at  occa- 
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sional  points  by  secondary  changes.  ...  An  analysis  of  the  stages 
during  the  life  of  one  individual  can  in  no  way  present  a  knowledge  of  its 
ancestry,  and  the  method  of  comparing  non-correspondent  stages  of  two 
species  is  wrong  in  principle."  Equally  sweeping  is  the  statement  of 
Hurst  (30)  :  "The  ontogeny  is  not  an  epitome  of  the  phylogeny,  is  not 
even  a  modified  or  *fal8ified'  epitome,  is  not  a  record,  either  perfect  or  im- 
perfect of  past  history,  is  not  a  recapitulation  of  evolution." 

It  would  seem  as  though  two  statements  could  not  he  more  flatly  con- 
tradictory tlian  these  of  Ilurst  and  Montgomery,  and  that  of  Bather  quoted 
above.  Nevertheless  I  venture  to  make  the  seemingly  paradoxical  asser- 
tion that  both  parties  to  the  controversy  may  be  right,  for  the  simple  rea- 
son that  they  are  talking  about  quite  different  things.  This  has  been 
nowhere  better  expressed  than  by  Orabau  (25).  He  says:  "It  has  been 
the  general  custom  to  test  the  validity  of  tbe  recapitulation  theory  by  the 
embryologlcal  method;  i.  e.,  the  comparableness  of  the  changes  which  the 
individual  undergoes  during  its  embryonic  period  to  the  adults  of  more 
primitive  types.  Usually  the  comparison  has  been  with  the  adults  of  ex- 
isting types,  since  in  most  cases  these  alone  were  available  for  compari- 
son. It  is  no  wonder,  then,  that  such  comparisons  have  led  to  innumer- 
able errors,  if  not  absurdities,  which  have  placed  the  recapitulation  theory 
in  an  evil  ligbt  and  awakened  in  the  minds  of  many  serious  investigators 
doubts  as  to  the  validity  of  the  deductions  based  upon  this  doctrine.  When, 
however,  the  entire  life  hifttory  of  the  individual  is  considered,  instead  of 
otUp  the  embryonic  period,  and  when  the  successive  stages  of  epembryonic 
development  are  compared  with  the  adult  characters  of  related  tyiies,  in 
immediately  preceding  geologic  iierlods,  it  will  be  found  that  the  funda- 
mental principle  of  recapitulation  is  sound,  and  that  the  individuals  do 
repeat  in  their  own  cpcmhryonic  development  the  characters  of  their  own 
immediate  ancestors."     (Italics  mine.) 

It  is  as  a  matter  of  fact  true  that  the  Hyatt  school  of  paleontologists 
have  based  their  phylogenies  on  epembryonic  rather  than  embryonic  stages 
— stages  beginning  with  the  neplonic  or  infantile- -since  in  the  nature  of 
the  case  the  true  embryonic  stages  are  scarcely  ever  accessible  to  the  stu- 
dent of  fossils.  It  is  no  less  true  that  the  severest  critics  of  the  theory 
of  recapitulation  have  rested  their  case  largely  on  the  reiil  or  supposed 
lack  of  correspondence  between  the  emhryonic  stages  and  the  adult  stages 
of  assumed  ancestors,  or  upon  certain  a  priori  considerations  having  to 
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do  with  the  huvs  of  development  and  inheritance.  To  the  former  class 
belong  such  critics  as  Von  Baer,  and  to  the  latter  class  such  as  Hatsehek, 
Ills,  Hurst,  Montgomery  and  others. 

In  making  this  statement  I  am  aware  that  paleontologists  sometimes 
comimre  true  embryonic  stages  with  adult  stages  of  pre-existing  tyi)es. 
As  examples  of  this  we  might  cite  the  comparison  of  the  larval  stage  of 
Antedon  with  adult  Paleozoic  crinoids,  as  mentioned  by  Zlttel;  and  the 
classic  attempt  of  Beecher  to  reconstruct  the  ancestor  of  the  Brachlopoda 
by  a  comparison  of  the  phylembryonic  stages  of  a  representative  series  of 
genera  of  recent  and  fossil  brachiopods.  Nevertheless  by  far  the  greater 
number  of  comparisons  that  have  been  instituted  by  paleontologists  have 
been  between  epembryonlc  stages  of  Individuals  and  adult  stages  of  older 
forms.  Such  comparisons  are  those  of  Hyatt,  Branco,  Karpinsky,  WUrten- 
burger,  Buckman,  Neunmyr,  Smith,  Beecher,  Clarke  and  others  among  the 
Cephalopoda;  of  Beecher  and  Schuchert,  Raymond,  Greene  and  Cumings 
among  the  BrachlojKjda ;  of  Jackson  among  the  Pelecypoda ;  of  Grabau 
and  Burnett  Smith  among  the  Gastropoda;  of  I^ng  and  Cumings  among 
the  Bryozoa ;  of  Ruedemann  among  the  graptolltes ;  and  of  Beecher, 
Girty,  Lang  and  others  among  the  corals.  To  many  of  these  researches  I 
shall  refer  later. 

I  am  also  not  unmindful  of  the  fact  that  many  of  those  who  are  not 
primarily  paleontologists  recognize  the  fact  that  development  does  not 
terminate  with  the  completion  of  the  embryonic  stages,  and  that  recapitu- 
lation may  l>e  legitimately  looked  for  in  er)embryonlc  as  well  as  embryonic 
stages,  or  that  It  may  be  sought  In  epembryonlc  stages,  even  though  masked 
or  falsified  in  embryonic  stages.  It  Is  true,  of  course,  that  some  speak  of 
a  comparison  of  ontogeny  and  piiylogeny  when,  judging  by  the  context, 
they  mean  a  comparison  between  embryogeny  and  phylogeny.  There  arises 
here  a  question  of  definition :  does  the  biogenetic  law  mean  that  the 
ontogeny  is  a  recapitulation  of  the  phylogeny,  or  does  it  mean  that  the 
embryogeny  is  a  recapitulation  of  the  phylogeny?  If  we  take  the  general 
consensus  of  opinion  we  shall  find  for  the  former  definition,  and  if  we 
take  the  words  of  Haeckel,  whose  statement  of  the  law  is  the  one  usually 
quoted,  we  shall  again  find  for  the  former  definition.  I  believe  that,  as 
a  matter  of  fact,  no  one  would  maintain  that  the  second  definition  is  cor- 
rect, however  much  he  might  forget  in  his  studies  to  take  the  epembryonlc 
stages  into  consideration. 
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Nor  would  I  create  the  impression  that  the  erabryologists  and  zoolo- 
gists have  utterly  deserted  the  paleontologists  in  their  support  of  the  re- 
capitulation theory.  Several  recent  papers  give  considerable  aid  and  com- 
fort to  those  of  us  who  still  believe'  in  recapitulation.  I  shall  Introduce 
here  the  conclusions  of  three  of  these  workers,  more  particularly  because 
it  will  afford  me  an  opportunity  to  correct  what  I  hold  to  be  another  error 
of  those  who  oppose  the  theory. 

One  of  the  most  interesting  pieces  of  evidence  that  has  recently  been 
adduced  in  favor  of  the  idea  that  ontogeny  recapitulates  phylogeny  is  to 
be  found  in  a  paper  by  Griggs  on  "Juvenile  Kelps'*  (28).  It  is  not  my 
purpose,  however,  to  discuss  the  very  interesting  evidence  which  he  has 
recorded,  but  rather  to  quote  his  remarlcs  on  the  views  of  His  and  Morgan, 
and  his  general  conclusions.  His  maintains  that  the  reason  why  ontogeny 
seems  to  recapitulate  phylogeny  is.  because  the  stages  in  development  are, 
as  Griggs  paraphrases  it,  "only  the  physiologically  necessary  steps  for  the 
formation  of  the  adult  body  from  its  earliest  stage,  which  In  most  cases 
is  the  egg."  With  the  ideas  of  Morgan  as  expressed  in  his  valuable  book 
on  "Evolution  and  Adaptation"  we  are  all  familiar.  He  holds  that  or- 
ganisms repeat  in  their  development,  not  adult  stages,  but  only  embryonic 
stages  of  their  ancestors.  To  this  idea  he  has  given  the  name  of  "reiHj- 
Utlon." 

On  this  point  of  the  recapitulation  of  embryonic  conditions  Griggs 
makes  the  following  pertinent  statements:  "In  the  toothless  animals,  the 
whale  and  the  bird,  the  development  of  teeth  in  the  jaws  Is  entirely  un- 
necessary ♦  ♦  ♦  It  may  even  be  said  to  hinder  the  attainment  of  the 
adult  condition.  The  same  is  true  of  the  mammalian  gill  slits  and  of 
most  structures  which  have  In  the  past  attracted  attention  in  connection 
with  the  recapitulation  theory.  As  the  ancestral  period  when  such  struc- 
tures were  fully  developed  in  the  adult  becomes  more  and  more  remote, 
the  tendency  to  inherit  them  becomes  less  and  less,  because  of  the  cumu- 
lative impulses  given  to  the  heritage  by  the  nearer  ancestors.  Conse- 
quently they  are  successively  less  and  less  developed.  Any  gradual  loss 
of  Inheritance  can.  In  the  nature  of  the  case,  take  place  only  from  the 
mature  condition  backward  toward  the  beginning  of  the  life  cycle;  other- 
wise we  should  have  adult  structures  with  no  ontogenetic  history.  There- 
fore we  can  understand  why  it  is  that  In  many  cases  only  the  embryonic 
stages  of  ancestral  history  persist  in  the  ontogeny."  In  a  foot  note  he 
says:     "The  cutting  off  of  end  stages  in  the  development  of  organs  has 
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given  rise  to  the  idea  that  the  adult  stages  are  'pushed  back  Into  the 
embryo.'  Such  a  mi8Concei)tion  easily  arose  from  the  loose  language  in 
which  the  facts  have  often  been  expressed.  Thus  the  embryogeny  will  be 
gradually  shortened  by  the  omission  of  more  and  more  of  the  superfluous 
ancestral  stages;  and  it  will  tend  finally  to  retain  only  such  stages  as 
are  necessary  to  the  attainment  of  the  adult  form."  Morgan  and  His,  he 
maintains,  have  confused  morphology  and  physiology.  **The  recapitula- 
tion theory  has  nothing  to  do  with  physiology;  it  is  purely  a  matter  of 
morphology." 

In  conclusion  Griggs  says:  "Taking  all  the  evidence  Into  considera- 
tion, it  seems  to  the  writer  that  we  are  bound  to  conclude  that  though 
organisms  are  subject  to  adaptations  at  any  stage  of  their  life  cycles  and 
may  gradually  cut  out  superfluous  stages,  yet,  except  as  some  such  ten- 
dency has  operated  to  change  the  heritage,  the  development  of  the  indi- 
vidual does  recapitulate  the  history  of  the  race  ♦  ♦  ♦  recapitulation 
must  take  place  If  there  Is  any  force  which  tends  to  make  offspring  like 
parent,  if  heredity  Is  of  any  Importance  in  moulding  the  forms  of  organ- 
isms. On  the  other  hand,  if  there  is  any  variability  of  transmutation  of 
individuals  in  stages  other  than  the  adult  end  stages  of  the  life  cycles, 
the  recapitulation  cannot  be  perfect,  but  must  be  marred  at  every  stage 
where  secondary  change  has  taken  place."  I  shall  return  later  to  some 
of  the  points  raised  by  Griggs  In  the  above  statements. 

Another  eminent  worker.  Dr.  Elgenmann,  says  at  the  close  of  a  paper 
on  the  eyes  of  the  blind  vertebrates  of  North  America  (20)  :  "We  have 
seen  In  the  preceding  pages  that  the  foundations  of  the  eye  [of  Amblyop- 
tfis]  are  normally  laid,  but  that  the  superstructure  Instead  of  continuing 
the  plan  with  new  material,  completes  It  out  of  the  material  provided  for 
the  foundations,  and  that  In  fact  not  even  all  of  this  (lens)  material  en- 
ters into  the  structure  of  the  adult  eye.  The  development  of  the  founda- 
tions of  the  eye  is  phylogenlc,  the  stages  beyond  the  foundations  are  di- 
rect." 

The  third  writer,  Dr.  Zeleny  (64),  In  his  paper  on  "Compensatory 
Regulation."  In  a  discussion  of  the  development  and  regeneration  of  the 
opercula  In  serpullds,  says  that  the  morphologic  series  is  so  complete  as 
to  make  suflficlent  ground  for  the  conclusion  that  the  opercula  arose  In 
the  course  of  phylogeny  as  modified  branch  la.  The  ontogenetic  series,  he 
says,  corresponds  very  closely  with  the  probable  phylogenetic  series. 
Speaking  of  the  regeneratory  development  he  says:     "The  course  of  re- 


310 

generatory  development  is  characterized  by  great  condensation  and  direct- 
ness of  the  development.  There  is  no  trace  of  the  branchial  stage,  and 
the  development  of  the  two  rows  of  processes  of  the  terminal  cup  does 
not  follow  the  ontogenetic  order." 

His  final  conclusion  is  as  follows:  "The  data  furnished,  therefore, 
by  the  opercula  of  the  serpulids  give  a  fairly  close  agreement  between 
the  ontogenetic  stages  and  the  probable  phylogenetic  ones  as  determined 
by  the  usual  criteria.  The  regeneratory  development,  however,  follows  a 
course  which  may  be  modified  by  the  character  of  the  operation  that 
leads  to  the  regeneration."  By  the  "usual  criteria"  he  means  morphology, 
etc.,  so  that  he  cannot  be  accused  of  the  drculus  vitiosus. 

Those  who  wish  to  review  the  detailed  evidence  given  in  the  above 
papers,  bearing  on  the  theory  of  recapitulation,  will,  of  course,  consult 
the  original  papers.  My  main  reason  for  quoting  them  is,  as  stated  above, 
because  of  their  bearing  on  what  seem  to  me  to  be  grave  errors  in  the 
reasoning  of  Ills,  Morgan  and  Montgomery  and  others  who  have  adopted 
similar  views.  The  error  seems  to  me  to  be,  as  pointed  out  by  Griggs,  in 
the  confusion  of  morphology  and  i)hy8iology.  The  adult  characters  that 
are  supposed  to  be  recapitulated  in  the  ontogeny,  as  well  as  the  characters 
in  ontogeny  that  are  sui)iK)sed  to  represent  them,  are  morphological 
characters  solely.  It  matters  not  what  new  function  they  may  have  come 
to  serve,  nor  by  what  physiologic  process  they  have  come  to  make  their 
appearance  in  the  recapitulating  organism.  The  confusion  arising  from 
this  source  colors  all  the  argument  of  Montgomery,  in  which  he  endeav- 
ors to  prove  that  new  specific  characters  must  have  some  representation 
in  the  ovum — a  view  which  we  must  certainly  agree  with — and  that  there- 
fore "the  whole  row"  of  cells  from  the  ovum  to  the  adult  must  be  differ- 
ent. We  grant  that  "The  whole  row"  is  different  in  some  way,  phj^iolog- 
ically  different,  different  In  its  play  of  energies;  but  it  may  conceivably 
be  morphologically  identical  up  to  the  very  point  where  the  new 
character  is  added.  It  is  just  as  easy  to  conceive  that  the  energy, 
or  whatever  we  choose  to  call  it,  that  is  at  a  certain  stage  in  develop- 
ment to  produce  a  certain  rib  or  spine  or  color-band  on  the  shell  of  a 
gastropod,  may  be  handed  through  the  row  of  cells  reaching  up  to  the 
given  stage,  without  producing  a  single  recognizable  morphologic  change 
in  the  row,  as  compared  with  the  individual  that  is  not  to  possess  the  new 
character,  as  it  is  to  conceive  the  opposite.  The  argument  for  the  one 
view  Is  just  as  certainly  a  pt-iori  as  the  argument  for  the  other  view.    It 
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is  also  perfectly  conceivable  that  the  morphology  of  the  individudl  cells 
in  the  row  might  differ  after  the  acquisition  of  the  new  character  (in  so 
far  as  this  assumption  is  required  by  recent  cytological  studies),  and  yet 
not  a  single  organ  or  part  of  the  organism  be  different  up  to  the  stage  in 
ontogeny  when  the  new  character  appears.  Unless,  therefore,  a  change  in 
the  energies  of  the  cells  incvdtahly  ncccusitates  a  change  in  the  morphology 
of  all  the  cells  or  of  all  the  organs  which  they  compose,  the  argument  of 
Montgomery  proves  nothing. 

As  to  the  argument  of  1 1  is  and  others,  that  the  supposedly  ances- 
tral stages  are  merely  the  physiologically  necessary  stages  in  the  develop- 
ment of  the  individual ;  It  again,  as  Griggs  iKjints  out,  confuses  mor- 
phology with  physiology,  and  is  open  to  the  further  objection  that  it  is 
directly  opposed  to  the  facts.  Why,  for  example,  should  the  condition  of 
perfect  blindness,  with  complete  loss  of  all  the  essential  structures  of 
the  eye,  be  attainable  only  by  the  round-about  way  of  first  developing  the 
foundations  of  a  normal  eye?  Why  should  a  serpulld  be  able  to  regenerate 
a  perfect  operculum  in  a  manner  entirely  different  from,  and  even  opposed 
to  the  ontogenesis  of  the  organ,  if  there  is  any  physiologically  necessary 
way  In  which  that  particular  individual  or  that  particular  organ  must 
develop?  The  thing  that  makes  it  necessary  for  development  to  take  a 
certain  course  in  a  given  individual  is  the  fact  that  the  development  has 
taken  that  same  course  in  the  ancestors.  This  species  of  coercion  may, 
to  be  sure,  he  relaxed,  and  the  develoi>meut  take  some  other  course,  but 
it  is  usually  relaxed  with  extreme  slowness,  and  after  many  generations 
have  passed. 

If  inheritance  were  perfect,  the  individual  would  take  exactly  the 
same  course  in  development  as  its  ancestors.  That  it  does  not  do  this 
in  all  cases  is,  as  Griggs  points  out,  a  more  remarkable  fact  than  that  in 
other  cases  it  should  follow  the  ancestral  mode  of  development  so  closely. 
Griggs  explains  the  loss  of  inheritance  as  due  to  a  progressive  condensa- 
tion of  the  ontogeny  by  the  "omission  of  more  and  more  of  the  sui>er- 
fluous  ancestral  stages."  This  is  the  well-known  law  of  acceleration  or 
tachygenesis.  Like  most  embryologists,  however,  he  misconceives  the  law, 
as  shown  by  the  foot-note  quoted  above.  Embryologists  are  especially 
prone  to  limit  the  law  of  acceleration  in  development  to  the  skipping  or 
omission  of  steps,  and  the  consequent  shortening  of  development.  This  is 
not  in  keeping  with  the  views  of  Hyatt,  who  first  definitely  formulated 
the  law;    and,  as  all  paleobiologists  know,  it  is  not  in  keeping  with  the 
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facts.  Hyatt  ^^^^)  says:  "All  modifications  and  variations  in  progressive 
series  tend  to  appear  first  in  the  adolescent  or  adult  stages  of  growth, 
and  then  to  be  inherited  in  succ^essive  descendants  at  earlier  stages  ac- 
cording to  the  law  of  acceleration,  until  they  either  become  embryonic  or 
are  crowded  out  of  the  organization  and  replaced  in  the  development  by 
characters  of  later  origin."  A  more  concise  statement  of  the  law  is  as 
follows:  **The  substages  of  development  in  (mtogeny  are  the  l>earers  of 
distal  characters  in  inverse  proporti(  n  and  of  iirnximal  characters  in 
direct  proportion  to  their  removal  in  time  and  position  from  the  proto- 
conch,  or  last  embryonic  stage"  (31). 

According  to  the  definitions  just  quoted,  acceleration  involves  not 
only  the  omission  of  characters,  in  some  cases  (and  this  is  the  only  sort 
of  acceleration  that  most  embryologists  seem  to  recognize),  but  it  involves 
also  condensation  without  omission,  by  crowding  more  into  a  given  imr- 
tion  of  the  ontogeny,  or  again  by  "telescoping"  of  characters,  as  Grabau 
(25)  calls  it,  so  that  characters  that  originally  appeared  in  succession, 
come  to  appear  simultaneously.  In  other  words  acceleration  may  be  by 
elimination,  by  condensation,  without  change  in  the  order  of  appearance  of 
characters,  or.  third,  by  telescoping.  The  latter  is  condensation  with 
change  in  the  order  of  appearance,  or  as  commonly  expressed,  unequal 
acceleration.  It  is  probable  that  paleobiologists  have  erred  in  giving  too 
nmch  emphasis  to  the  principle  of  earlier  inheritance,  involved  in  the 
law,  just  as  embryologists  and  morphologists  have  erred  in  entirely  neg- 
lecting this  phase  of  inheritance.  As  conceived  by  the  paleobiologist,  the 
law  of  acceleration  is  an  explanation  of  recapitulation,  as  well  as  an  ex- 
planation of  the  failure  to  recapitulate. 

Another  factor  in  inheritance  has  l>een  given  the  name  of  retardation 
by  Cope  (15).  By  the  operation  of  this  factor,  characters  that  appear 
late  in  the  ontogeny  may  disappear  in  descendants  because  development 
terminates  l>efore  the  given  character  is  reached.  In  this  way.  it  is  con- 
ceived, the  ontogeny  may  be  shortened  and  simplified,  and  many  ances- 
tral charactei*s  lost  entirely.  The  result  of  the  continued  operation  of 
retardation  would  be  retrogression.  That  is,  the  given  form,  if  it  con- 
tinued to  repeat  the  remoter  ancestral  stages  in  the  early  part  of  its 
ontogeny,  and  continued  at  the  same  time  to  drop  ofif  the  later  ancestral 
stages,  by  falling  to  proceed  far  enough  in  its  development,  would  ulti- 
mately come  to  resemble  the  remote  rather  than  the  nearer  ancestors. 
.Manifestly  the  retarded  forms  do  not  recapitulate  the  lost  characters,  so 
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that  here,  also,  as  In  the  omission  of  characters  in  the  earlier  stages  of 
ontogeny,  the  heritage  is  incomplete. 

Of  the  complications  of  Inheritance  that  arise  from  larval  adapta- 
tions, Intra-uterine  adaptations,  and  special  adaptations  arising  In  later 
life,  I  shall  not  speak.  All  of  these  have  been  repeatedly  discussed  (see 
for  example  Smith  57),  and  are  well  understood.  Against  all  of  these 
the  paleoblologist  must  be  on  his  guard.  All  of  these  factors  tend  to  make 
the  parallelism  between  ontogeny  and  phylogeny  Inexact,  as  long  ago 
I>ointed  out  by  Cope  (15).  Yet  in  spite  of  the  operation  of  these  factors, 
the  cases  In  which  there  is  clear  evidence  of  recapitulation  are  so  numer- 
ous, and  so  well  known  to  the  paleoblologist,  that  were  it  not  for  the 
continually  reiterated  statements  of  certain  embryologlsts  that  there  is 
no  such  thing  as  recapitulation,  I  should  hesitate  to  again  point  them 
out.  I  shall  now  take  up  the  evidence  according  to  the  groups  of  or- 
ganisms In  which  it  has  been  ascertained;  and  I  once  more  remind  the 
reader  that  most  of  this  evidence  applies  to  the  epembryonlc  and  not  to 
the  embryonic  stages. 

II. 

Cephalopoda. — The  only  existing  representative  of  the  great  gi'oui» 
of  Tetrabranchlata,  the  class  to  which  nearly  all  of  the  fossil  cephalopods 
belong.  Is  the  Nautilus.  The  genus  Nautilus  Is  a  striking  example  of  the 
IHjrsIstence  of  a  primitive  type.  It  belongs  to  the  more  primitive  branch 
of  the  tetrabranchs,  from  which,  according  to  all  the  evidence,  the  marvel- 
ously  complex  ammonifies,  on  the  one  hand,  and  the  modem  naked  cepha- 
lopods are  descended.  Nautilus  Is  the  only  tetrabranch  of  which  the 
entire  ontogeny.  Including  the  embryonic  stages,  is  known. 

This  lack,  however,  In  the  case  of  the  fossil  genera  is  not  as  serious 
as  might  be  supposed,  for  the  reason  that  even  in  these  ancient  forms  all 
of  the  growth  stages  from  the  latest  embryonic  (phylembryonlc)  stage  to 
the  adult  are  preserved  in  every  complete  Individual  shell.  An  inspection 
of  the  Nautilus  shell  makes  this  at  once  apparent,  for  the  earlier  stages 
of  the  shell  are  surrounded  and  protected  by  the  later,  and  no  part  of 
the  shell  is  lost  or  resorbed.  In  the  straight  and  loosely  coiled  shells 
only,  such  for  example  as  Orthoceras,  Cyrtoceras,  etc.,  is  the  case  different ; 
and  even  here,  barring  Injury,  or  the  dehiscence  of  the  earlier  chambers, 
every  post-embryonic  stage  is  preserved.  From  a  study,  therefore,  of  a 
single  shell,  we  are  able  to  make  out  perfectly  all  of  the  epembryonic  de- 
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velopmeut  in  that  part  of  the  orgauism  that  was  most  vitally  affected  by 
the  environment,  and  which  must  tJierefore  indicate  most  perfectly  the 
lines  along  which  the  evolution  proceeded. 

If  the  initial  portion  of  the  shell  of  Nautilm  be  examined,  it  will  he 
found  to  be  characterized  by  a  scar  or  cicatrix.  In  the  same  region  of 
the  shells  of  ammonites  and  some  Nautiloidea  (Orthoceras) ^  instead  of  this 
cicatrix,  there  is  present  a  minute,  bulbous  or  bag-like  shell,  attached  to 
the  apex  of  the  shell  proper.  If  in  the  case  of  Orthoceras,  as  shown  by 
Hyatt  (31),  this  bulb,  or  protoconch  be  broken  away,  there  is  exposed  a 
scar  (cicatrix)  precisely  similar  to  that  of  Nautilus.  The  initial  shell  or 
protoconch  is  therefore  substantially  the  same  in  all  of  the  Tetrabranch- 
iata,  and  is  supposed  to  point  to  a  "septa-less  and  chamberless  form  simi- 
lar to  the  protoconch"  as  the  common  ancestor  of  these  two  great  divisions 
of  the  Tetrabranchiata ;  and  possibly,  as  Hyatt  suggests  of  the  Cephalo- 
poda, Pteropoda  and  Gastropoda  (31).  The  protoconch  represents  the 
latest  of  the  true  embryonic  stages,  namely  the  phylembryo. 

Succeeding  this  early  stage  are  the  stages  of  the  shell  proper.^  In 
Nautilus  the  early  nepionic  portion  of  the  shell,  which  includes  the  forma- 
tion of  the  first  three  septa,  is  only  slightly  curved  (cyrtoceraform).  Up 
to  the  stage  of  the  formation  of  the  second  septum,  the  shell  is  in  fact 
nearly  straight  (orthorceraform).  The  first  septum  has  an  apically  di- 
rected caecum,  and  the  second  septum  an  apically  directed  closed  tube, 
the  closed  apical  end  of  which  fits  into  the  caecum  of  the  first  septum. 
This  tube  is  the  beginning  of  the  siphuncle.  Since  the  tube  fits  closely  into 
the  caecum,  the  two  together  form  a  continuous  tul)e,  in  which  the  apical 
end  or  bottom  of  the  siphuncular  tube  forms  a  partition  or  septum,  so 
that  as  Hyatt  i)oints  out,  the  resemblance  "of  this  early  stage  to  the  adult 
structures  of  Diphragmoccras  becomes  perfectly  clear."     (31) 

In  the  later  nepionic  stages  (i.  e.,  after  the  formation  of  the  third 
septum)  the  shell  is  rather  sharply  bent  (the  gyroceran  curve),  so  that 
near  the  close  of  the  first  volution  the  whorl  is  brought  back  into  contact 
with  the  apex  of  the  conch.  This  manner  of  growth  results  in  leaving 
an  empty  space  or  umbilical  perforation  between  the  two  halves  of  the 
first  volution.  In  the  ancient  coiled  Nautiloidea  there  appears  at  the  be- 
ginning of  this  (neanic)  >stage,  when  the  whorls  come  into  contact,  a  de- 

*  The  stages  from  this  point  on  arc  termed  by  Hyatt  (31),  and  following  htm 
by  practically  all  paleoblologlsts  at  tlie  present  time,  the  nepionic,  neanic,  ephebic 
and  geroniic  stages ;  meaning  respectively,  the  infantile,  youthful,  mature  and  old 
age  stages  of  growth. 
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pression  or  groove  in  the  dorsum  of  the  whorl,  .where  it  rests  against  the 
venter  of  the  preceding  whorl.  This  is  the  impressed  zone.  In  the  mod- 
em Nautilus,  however,  this  furrow  or  impressed  zone  begins  in  the  early 
nepionic  stage,  before  the  whorls  have  come  into  contact.  This  occurs 
also  in  the  nautilian  shells  of  the  Carboniferous,  Jurassic,  Cretaceous  and 
Tertiary. 

Of  this  truly  remarkable  feature  of  cephalopod  development,  Hyatt 
says:  "When  one  ascends  in  the  same  genetic  series  to  the  more  special- 
ized nautilian  involved  shells  this  purely  acquired  character  becomes, 
through  the  action  of  tachygenesis,  forced  back,  appearing  as  a  rule  in 
the  nepionic  stage  before  the  whorls  touch.  It  is  therefore,  in  these  forms 
entirely  indei>endent  of  the  mechanical  cause,  the  pressure  of  one  whorl 
upon  another,  which  first  originated  it.  One  need  only  add  that  this 
configuration  of  the  dorsum  is  never  found  in  the  adults  of  any  ancient 
and  normally  uncoiled  shells,  so  far  as  I  know,  nor  so  far  as  have  been 
figured."     (31) 

Without  reviewing  any  of  the  further  interesting  details  of  the  on- 
togeny of  Nautilus,  enough  has  i)een  said  to  make  it  evident  that  if  there 
is  any  truth  in  recapitulation,  the  development  of  Nautilus  would  indicate 
(disregarding  the  protoconchal  characters)  an  ancestral  line  that  con- 
tained, first  straight  or  slightly  arched,  then  loosely  coiled,  and  finally 
closely  coiled  shells,  and  that  the  earliest  of  these  possessed  a  septate 
si ph uncle.  That  the  geological  series  of  shells  indicates  the  same  thing 
every  paleontologist  knows  perfec*tly  well.  The  development  of  Nautilus 
also  affords  one  of  the  most  perfect  illustrations  of  the  law  of  tachygene- 
sis, in  the  earlier  inheritance  of  the  impressed  zone,  known  in  the  whole 
animal  kingdom. 

One  further  illustration,  from  the  Cephalopoda,  of  the  parallelism  of 
ontogeny  and  phylogeny  must  suffice.  This  illustration  is  drawn  from  the 
genus  Placenticeras,  one  of  the  complex  Ammonites  of  the  Cretaceous,  llie 
development  of  this  genus  has  been  beautifully  worked  out  by  Professor 
J.  P.  Smith  (58).  The  species  P.  pacificum  conies  from  the  Chlco  forma- 
tion of  the  Upi)er  Cretaceous.  The  following  account  applies  to  the  de- 
velopment of  this  species  and  is  drawn  from  the  pai)er  by  Smith,  cited 
above. ' 

The  earliest  shelled  stage  was  probably  passed  before  the  animal  was 
hatched.  This  Is  tlie  iirotoconcli  or  phylembryo.  It  is  a  smooth,  oval, 
bulbous  body,  similar  to  that  of  all  the  later  ammonites.    It  probably  rep- 
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resents  an  "adaptive  form,  due  to  life  in  the  egg,  and  does  not  represent 
any  ancient  ancestral  genus,  for  none  of  the  early  cephalopods  were 
shaped  like  this." 

*'With  the  formation  of  the  first  septum,  the  young  ammonite  has  taken 
its  place  among* the  chambered  cephalopods,  and  has  become,  for  the  time 
Ijeing,  a  nautiloid,  although  it  is  not  possible    ....    to  correlate  it 

with  any  special  genus The   first  septum    ....     Is  nau- 

tilian  in  character,  but  the  siphuncle  begins  inside  the  protoconch  with 
a  siphonal  knob,  or  caecum,  and  the  protoconch  itself  is  calcareous.  These 
are  two  characters  that  the  nautiloids  even  to  this  day,  have  never  yet  ac- 
quired  We   have  in   this   stage   ammonite   characters   pushed 

back  by  unequal  acceleration  [telescoping],  until  they  occur  contempo- 
raneously with  more  remote  ancestral  characters." 

There  Is  no  sign  of  an  umbilical  perforation  as  in  the  Nautilus,  de- 
scribed above,  a  fact  which  again  shows  the  degree  of  acceleration  of 
these  ammonites. 

With  the  second  septum  the  ammonite  characters  are  assumed.  The 
shell  at  this  stage  is  "distinctly  goniatitic,"  but  also  i)ossesses  characters. 
Introduced  by  acceleration,  that  belong  to  later  genera.  The  evidence 
indicating  the  goniatitic  as  well  as  later  stages  to  be  mentioned,  Is  mainly 
the  character  of  the  suture  lines.  "At  about  five-eighths  of  a  coil  .  .  .  . 
the  larva  has  reached  a  stage  correlative  with  the  goniatltes  of  the  Upper 
Carboniferous."  This  stage  is  quickly  passed,  and  the  goniatitic  char- 
acters are  lost  and  characters  transitional  to  the  ammonite  stage  make 
their  appearance.  "At  one  and  one-twelfth  coils  the  shell  is  transitional 
from  the  glyphioceran  stage  to  what  resembles  closely  the  genus  Nannites 
of  the  Trias."  In  regard  to  this  stage  Smith  says:  "If  it  had  not  been 
said  that  this  was  a  minute  shell  taken  out  of  an  older  individual,  any 
paleontologist  would  refer  It  without  hesitation  to  the  Glyphioceratldae, 
and  probably  to  ...  .  PronanniteSy  of  the  Lower  Carboniferous." 
This  stage  lasts  about  one-half  revolution. 

In  the  neanic  stage,  at  one  and  seven-twelfths  colls,  the  shell  re- 
sembles very  f-trongly  Gymbites,  or  some  related  genus  of  the  Lower  Ju- 
rassic. The  first  signs  of  shell  sculpture  occur  In  this  stage.  In  the 
next  stage  the  sculpture  becomes  stronger,  and  the  shell  assumes  a  de- 
cidedly aegoceran  appearance.  From  two  up  to  two  and  one-quarter  colls, 
the  shell  resembles  in  most  respects  the  stock  to  which  PeHsphinctes  be- 
longs, and  this  Is  accordingly  called  the  perlsphlnctes  stage.    During  this 
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stage  the  sides  of  the  shell  become  more  flattened,  and  the  abdominal 
shoulders  squarer,  the  varices  frequent,  and  strong  intermediate  ribs  ap- 
pear on  the  sides  and  abdomen. 

In  the  next  (Cosmoceras)  stage  "the  ribs  no  longer  cross  the  abdo- 
men, but  end  in  tubercles  on  the  abdominal  shoulders,  forming  well  de- 
fined shoulder  keels,  with  a  furrow  between  them."  Near  the  beginning 
of  the  fourth  coil  the  ribs  are  reduced  to  mere  faint  undulations  and  fine 
sickle-shaped  striae  on  the  sides  of  the  umbilicus,  while  the  external  tu- 
bercles become  almost  obsolete,  forming  mere  notches  on  the  continuous 
abdominal  keels.  Specific  characters  begin  to  appear  here.  This  may  be 
taken  as  the  beginning  of  the  HopUtes  stage.  The  septa  have  not  reached 
the  complete  development  of  the  genus. 

The  umbilical  knots  begin  at  this  stage,  and  growing  stronger,  become 
a  characteristic  feature  of  the  adult  Placenticeras,  "Placenticeras  pacifl- 
cum  at  this  stage  is  wholly  unlike  P.  californicum,  with  which  It  is  asso- 
ciated, being  much  more  compressed  and  discoidal,  with  narrow  abdo- 
men, flatter  sides,  much  less  distinct  sculpture,  and  narrower  umbilicus, 
although  in  the  earlier  adolescent  periods  both  species  are  very  much 
alike."  The  shell  passes  from  tJiis  stage  by  gradual  changes  into  the  adult 
Placenticeras. 

Professor  Smith's  conclusions  are  of  especial  interest.  He  says:  **The 
development  of  Placenticeras  shows  that  it  is  possible,  in  spite  of  dog- 
niatic  assertions  to  the  contrary,  to  decipher  the  race  history  of  an  animal 
in  its  individual  ontogeny."^ 


'  For  further  illustrations  of  recapitulation  among  the  Cephalopoda,  the  stu- 
dent should  consult  the  following  papers :  Branco,  W.,  BeitrUge  zur  Entwicklungs- 
geschichte  der  fossUen  Ccphalopoden,  Paleontographica,  vols,  xxvi,  xxvii,  1879,  '80. 
Buckman,  S.  S.,  Monograph  of  the  Inferior  Oolite  Ammonites,  Paleontographical 
Society,  lS87-'96.  Hyatt,  A.,  Paralellism  of  the  Individual  and  the  order  among 
tetrabranchlate  Moliusks,  Mem.  Bos.  8vo.  Nat.  Uist.^  vol.  1,  1866 ;  Fossil  cephalo- 
pods  of  the  Museum  of  Comparative  Zoology,  Bull.  Mus.  Oomp.  ZooL,  vol.  lit,  1872 ; 
Genesis  of  the  Arietidw,  Smithaonian  Contr.  to  KnowL,  vol.  xxvi,  1889;  Phylogeny 
of  an  acquired  characteristic,  Proc.  Am.  Phil.  8oo.,  vol.  xxxii ;  Cephalopoda,  in 
Text  Book  of  Paleontology  by  Zittel  (Eastman  trans.),  1S99.  Hyatt,  A.,  and  Smith. 
J.  P.,  Triasslc  cephalopod  genera  of  North  America,  U.  8.  Oeol.  Surv.  Prof.  Paper 
No.  40,  1905.  Karplnsky,  A.,  Ueber  die  Ammonelcn  der  Artlnsk-Stufe,  Mem.  Acad. 
Sci.  Imp.  8t.  Petersburg,  vol.  xxxvtl,  No.  2,  1889.  Neumayr,  M.,  Die  Ammoniten 
der  Krelde  und  die  Systematlk  der  Ammonitiden,  Zeitschr.  der  Deuich.  Oeol.  Oes., 
1875 ;  ireber  unvermlttelt  auftretende  Cephalopodentypen  im  Jura  Mittel-Europas, 
Jahrb.  d.  K.  K.  Oeol.  Reichs.  Wien,  vol.  xxvill,  1878.  Smith,  J.  P.,  The  development 
of  Gl3rphloceras  and  the  phylogeny  of  the  Glyph! oceratld»,  Proc.  Calif.  Acad.  8ci., 
(3)  Oeol.,  vol.  I,  1897 ;  The  Development  of  Lytoceras  and  Phylloceras,  Ibid., 
1898 ;  Larval  stages  of  Schloenbachla,  Jour.  Morphology,  vol.  xvl.  1899 ;  The  Car- 
boniferotis  Ammonoids  of  America,  Monog.  U.  S.  G.  S.,  No.  xlli,  1903.  Wttrtenburger, 
R.,  Studten  fiber  die  Stammgeschlchte  der  Ammoniten,  Leipzic,  1880. 
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Pelecypoda, — The  classic  memoir  of  Jackson  (32)  on  the  phylogeuy 
of  the  Pelecypoda  brings  together  numerous  illustrations  of  recapitula- 
tion among  the  members  of  this  class  of  animals.  Jackson's  conclusions 
are  well-known,  and  I  shall  therefore  review  them  very  briefly. 

From  a  study  of  a  large  numi>er  of  genera  representing  widely  diver- 
gent members  of  the  Pelecypoda,  Jackson  concludes  that  there  is  present 
throughout  the  group  an  embryonic  shell,  which  he  calls  the  "prodisso- 
conch"  (a  term  correlative  with  the  term  protoconch  of  the  Cephalopoda 
and  Gastropoda),  and  which  is  a  simple  blvalved,  equivalve  shell.  At  this 
(piiylembryonlc)  stage  of  development  there  are  two  adductor  muscles, 
even  in  genera  in  which  the  adult  have  only  one  adductor.  That  is,  the 
prodissoconch  is  dimyarian  even  though  the  adult  animal  may  be  mono- 
myarian.  In  the  Aviculidie  and  their  allies  (Ostrca,  Amcula,  Pcrna,  Peo 
Witt  Plicatula,  Atwniia)  the  prodissoconch  very  closely  resembles  in  fonu 
the  primitive  genus  Nucula.  The  anatomical  characters  of  the  prodisso- 
conch also  besLT  out  this  resemblance.  It  is  therefore  inferred  that  some 
such  t3i)e  as  Nucula  is  the  primitive  ancestor  of  the  Avlculidse,  and  pos- 
sibly of  tlie  PelecyiKida.  The  paleontological  and  anatomical  evidence 
supports  this  conclusion. 

We  have  here,  then,  in  the  Aviculidie  and  their  allies,  a  group  of 
monomyarlans,  some  of  them,  as  Ostrea,  PlicatuUif  and  AnomiGf  of  very 
aberrant  form,  the  representation  in  the  ontogeny  of  a  dimyarian  stage, 
which,  from  all  the  evidence,  actually  character Isseil  the  adults  of  the 
ancC'stors  of  the  group.  Whether  or  not  Nucula  is  tlie  actual  ancestor  of 
this  group  of  pelecypoda,  it  Is  quite  certain  that  the  earliest  pelecypods 
were  of  the  stime  general  form  as  I  he  prodissoconch,  and  that  they  were 
dimyarian. 

In  the  same  paper  Jackson  has  shown  in  a  masterly  manner  that 
the  ostreaform  shape  of  the  shell,  which  characterizes  many  more  or  less 
widely  separated  genera  of  pelecypods,  is  due  to  "the  mechanical  con- 
ditions of  direct  cemented  fixation."  These  ostreaform  sliells  are  very 
variously  derived,  and  should,  if  there  is  anything  in  the  theory  of  re- 
capitulation, each  show  in  the  young  stages,  l>efore  the  valves  have  be- 
come fixed,  the  distinctive  adult  characters  of  its  particular  ancestor.  In 
this  case  we  are  relieved  from  the  danger  of  arguing  in  a  circle  by  the 
fact  that  the  genetic  relations  of  most  of  the  forms  are  fairly  well  known 
fron?  lines  of  evidence  other  than  the  ontogeny.  The  following  specific 
cases  cited  by  Jackson  are  of  esi>ecial  interest. 
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Mulleria  lohuta,  a  member  of  the  Unionidje,  "Is  so  remarkably  like  an 
oyster  (in  the  adult)  that  it  has  been  called  the  fresh- water  oyster.  In 
the  monomyarian  adult  ....  the  shell  is  rough  and  irregular  with 
a  d<H>i)  attached  and  tlattish  free  valve,  and  a  specimen  in  the  Museum  of 
C'omimratlve  Zoology  Is  indistinguishable  in  shape  from  forms  commonly 

found    In    Ostrea    virginiana The     young    shell     of    Mulleria 

.     ...    is  Anodon-shaped,  equivalvular  and  dimyarian  as  descril)ed  by 
authors." 

Hinnites  is  another  genus  which  has  the  ostreaform  adult  "In  the 
yonn^j  it  is  free  and  pectihiform,  but  in  the  adult  ....  so  close 
is  the  likeness  to  an  oyster  that  in  the  sjTionomy  of  the  genus  it  has  been 
named  Ostrea  and  Oatradtcs.''  In  Hitinitcs  cortcfti  of  the  Tertiary,  in 
the  neanic  stage,  the  right  valve  is  purely  pectiniform.  "It  has  the  well- 
developed  ears,  deep  byssal  sinus,  and  an  evenly  plicated  shell  which  at 
this  stage  is  nearly  or  quite  equivalvular."  With  the  period  of  attach- 
ment a  most  marked  change  in  the  valves  takes  place  and  the  adult  be- 
comes deeply  concave  (in  the  right  attached  valve)  and  highly  ostrea- 
form. The  byssal  notch  is  filled  up  and  "(!omi)letely  wiped  out  of  exist- 
ence." 

In  genera  such  as  Ostrea  and  Flicatula,  where  fixation  takes  plaqe 
at  the  close  of  the  prodissoconch  stage,  the  succeeding  stages  give  very 
little  indication  of  the  ancestry,  owing  to  the  extensive  modification  of  the 
shell  as  soon  as  fixation  takes  place.  According  to  Dall  Ostrea  is  derived 
from  the  Pteriidje. 

Spondylus  is  another  genus  in  which  cementation  has  caused  exten- 
sive modification  of  the  valves  in  the  adult.  Fixation  takes  place  at  the 
close  of  the  nepionic  i)eriod.  Therefore  this  genus  may  be  expected  to 
afford  some  evidence  of  recapitulation.  The  first  nepionic  stage  of  Spon- 
dylns  is  decidedly  pectiniform.  It  has  a  long  hinge-line  and  a  deep  byssal 
sinus.  After  fixation,  in  the  first  "Stages  of  irregular  growth,  the  byssal 
notch  is  soldered  over,  and  eradicated  in  a  manner  similar  to  Hinmtes. 

Another  illustration  of  recapitulation  among  the  Pelecypoda  is  the 
case  of  Pecten  itself.  Of  this  genus  Jackson  says:  "In  the  development 
of  the  modem  Pecten  we  find  in  the  first  stages  of  dissoconch  growth  a 
form  of  shell  ....  presenting  characters  which  make  It  referable 
in  ancestral  origin  to  Rhombopteria,  a  member  of  the  true  Aviculidse,  later 
succeeded  by  a  growth  ....  bearing  marked  features  referable  in 
origin  to  an  ancestral  genus  Ptcrinopeeten Still  later  a  stage 


320 

exists  ....  which  is  referable  in  its  inherited  form  to  Aviculopcc- 
teuj  and  finally  the  true  Pectcn  features  characteristic  of  the  adult  .... 
are  established.  The  geological  sequence  of  these  several  groups  is  in  the 
order  indicated  by  the  development  of  Pccten.  We  have,  therefore,  a 
clear  case  of  the  ontogeny  of  an  individual  illustrating  the  phylogeny  of 
the  group." 

Gastropoda. — For  studies  of  the  GastroixMia  in  which  growth  stages 
have  especlatly  been  taken  into  consideration  we  are  indebted  chiefly  to 
Grabau  (22.  2:i,  24,  25)  and  Burnett  Smith  (53,  54,  55,  56).  My  illustra- 
tions of  recapitulation  among  the  members  of  this  class  will  be  drawn, 
therefore,  from  the  writings  of  these  two  authors. 

It  is  commonly  known  that  the  apical  whorl  of  the  gastropod  shell 
may  differ  materially  from  the  succeeding  portions  of  the  shell  (conch), 
being  smooth  and  without  ornament  in  cases  where  the  conch  is  highly 
sculptured,  or  in  some  forms,  as  Acmaea  and  Crcpiduta,  being  coiled,  al- 
though the  adult  shell  is  patelliform  and  non-coiled.  To  this  apical  whorl 
the  name  "protoconch"  has  come  to  be  applied,  a  name  which,  as  we  have 
already  seen,  is  also  applied  to  the  embryonic  shell  of  the  Cephalopoda. 
Grabau  (22)  has  suggested  the  use  of  the  name  "protorteconch"  in  place 
of  protoconch  for  the  initial  shell  of  the  gastropods. 

The  protoconch  of  the  existing  Gastropoda  is  more  variable  than 
that  of  the  Cephalopoda,  as  would  be  expected  from  the  highly  specialized 
nature  of  most  of  the  extant  representatives  of  the  class.  In  most  cases 
there  is  no  definite  line  of  demarkation  between  the  protoconch  and  the 
conch,  but  in  a  few  cases,  as  in  Fusus,  etc.,  the  "end  of  the  protoconch  is 
strongly  marked  by  the  existence  of  a  pronounced  varix  and  an  abrupt 
change  of  ornamentation."  (22)  "The  early  whorls  of  the  protoconch 
.  .  .  .  are  smooth  rounded  coils  of  the  type  found  in  adult  Natica, 
.  .  .  .  In  the  majority  of  cases  the  initial  whorl  is  minute,  while  the 
succeeding  ones  enlarge  gradually  and  •regularly.  In  some  types  the  in- 
itial whorl  is  large  and  swollen This  tyi>e  of  protoconch  has 

been  termed  'bulbous'  by  Da  11  (19).  The  naticoid  form  of  protoconch 
is  in  general  umbilicated,  and  it  is  probable  that  at  least  the  earlier  por- 
tion of  the  protoconch  is  umbilicated  in  the  majority  of  gastropods. 

"From  the  characters  of  the  initial  whorls  of  the  protoconch  we  may 
argue  that  the  radicle  of  the  coiled  gatropods  must  have  been  a  naticoid 
type  with  a  well-marked  umbilicus.  Such  a  type  is  found  in  ^raparollina 
retnota  Billings,  one  of  the  earliest  coiled  gastropods  of  the  Etcheminian 
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or  Lower  Cambrian  of  the  Atlantic  border  province  of  North  America. 
Tliat  it  is  not  the  most  primitive  type  of  gastropod  is  suggested  by  the  con- 
sideration that  the  earliest  stage  ....  of  the  protoconch  is  not 
coiled,  but  rather  cap-shaped  lilie  modern  Patella.  Such  primitive  types 
are  found  In  Lower  Cambrian  species  which  have  variously  been  referred 
to  Platyccras,  Sccnella,  or  Slenbthecn,  owing  to  the  want  of  sufficient 
characteristics  to  define  their  exact  relations."     (22.) 

From  the  above  it  appears  that  the  early  protoconch  stages  indicate 
an  ancestor  of  the  simple,  smooth  shelled,  umbiUcated  type  exemplified  by 
^traparollina,  and  that  this  is  actually  the  only  type  of  coiled  gastropod 
characteristic  of  the  basal  Cambrian.  It  is  also  likely  from  paleontolog- 
ical  evidence  that  the  very  earliest  type  of  gastropod  possessed  a  conical 
or  cornucopia-shaped  shell  of  the  Scenella  type.*  Such  an  ancestry  is, 
according  to  (4rabau,  suggested  by  the  cap-shaped  earliest  stage  of  the 
protoconch.* 

One  of  the  most  completely  worked-out  cases  of  recapitulation  among 
Gastropoda  that  has  come  to  my  knowledge  Is  that  of  the  races  of  Athleta 
petrosa  Con.  and  its  allies.  The  phylogeny  of  this  group  of  gastropods 
has  been  very  fully  studied  by  Burnett  Smith  (54),  from  whose  paper 
the  following  account  is  drawn. 


1  Sardeson  (50)  suggests  that  the  gastropod  ancestor  was  an  ^'asymmetrical 
long  conical  shell"  of  the  pteropod  type.  He  may  be  right,  but  even  so,  I  do  not 
sec  that  his  conclusion  would  in  the  least  invalidate  the  conclusions  of  Grabau  in 
regard  to  the  pbylogenetlc  significance  of  the  protoconch,  although  Sardeson  seems 
to  think  so.  Grabau  says  very  plainly  that  the  coiled  shell  is  probably  not  the 
most  primitive  type  of  shell,  and  he  points  out  the  ta?t  (quoted  above)  that  the 
initial  portion  of  the  protoconch  is  cap-shaped  and  may  indicate  some  such  remote 
ancestor  as  the  Cambrian  forms  referred  to  the  genera  Platyceras,  Sicnotheca,  and 
Scenella.  Whether  this  patelliform  ancestor  was  In  turn  derived  from  a  long 
c(HiicaI  shell,  or  whether  on  the  other  hand  the  coiled  type  of  shell  was  derived 
directly  from  the  "long  conical"  shell  without  the  mediation  of  a  patelliform 
ancestor,  does  not  materially  affect  the  conclusions  that  at  a  very  remote  time 
a  coiled  gastropod  radicle  was  established  from  which  practically  all  modem 
gastropods  were  derived.  To  my  mind  the  conclusion  that  the  ultimate  ancestor 
of  the  Gastropoda  was  a  "long  conical"  shell  is  by  no  means  established. 

*  Burnett  Smith  (55;  concludes  from  a  study  of  the  Tertiary  species  of  the 
genus  Athleta  that  "we  can  say  for  this  restricted  normal  group  at  least  that  the 
apex  is  not  only  a  variable  feature,  but  the  most  variable  feature  which  the  shells 
furnish."  In  a  footnote  he  says  "The  author  is  thoroughly  convinced  that  the 
features  of  the  apex  must  be  used  in  classification  with  great  caution."  The  varia- 
tions which  he  cites  in  this  and  other  papers  (54,  55,  56)  seem  to  be  chiefly  In 
the  size  of  the  protoconch,  and  the  degree  to  which  acceleration  has  caused  conchal 
characters  to  appear  in  the  later  protocon^hal  stages.  His  caution,  however,  in 
regard  to  the  classlflcatory  value  of  the  protoconch,  should  put  students  of  the 
gastropods  on  their  guard  against  a  too  free  use  of  this  portion  of  the  shell  in  the 
establishing  of  genera. 

[21—28008] 
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The  species  under  consideration  occur  in  the  Gulf  Eocene,  extending 
nearly  throughout  it.  They  have  heretofore  been  referred  to  the  genus 
Volutilithes,  but  are  placed  by  Smith  (55)  in  the  genus  Athlcta.  Smith 
states  that  the  material  at  his  disposal  was  very  complete,  and  enabled 
him  to  study  large  series  of  individuals,  very  carefully  collected  with  ref- 
erence to  horisson.  The  stratigraphy  of  the  formations  from  which  they 
came  is  also  well  understood.  These  favorable  <*onditions  of  study,  it  may 
be  remarked,  are  esjiecially  important  in  tlie  present  connection,  because 
they  enabled  Smith  to  trace  out  the  evolution  of  the  forms  practically 
continuously  from  zone  to  zone,  without  being  chiefly  dei)endent  on  onto- 
geny for  indications  of  their  relationships.  Another  fortunate  circum- 
stance is  the  fiict  that  this  author  is  disposed  to  use  the  evidence  from 
ontogeny  with  the  utmost  discretion,  everywhere  checking  it  by  an  ap- 
IKjal  to  the  morphological  and  geological  series. 

In  the  forms  under  consideration,  the  first  two  or  three  whorls  are 
smooth  and  rounded,  constituting  the  smooth  or  i)rotoconchal  stage.  **The 
first  ornamental  feature  to  appear  on  the  smooth,  rounded  whorl  Is  the 
transverse  rib,  that  is,  a  slight  elevation  of  the  whorl  which  runs  across  it 
from  suture  to  suture.  These  early  riixs  are  invariably  curved  slightly, 
and  each  one  is  simple  and  uniform  from  suture  to  suture.  The  curved 
ribs  persist  as  a  rule  for  about  a  quarter  or  a  half  of  a  whorl,  or  even 

for  a  much  less  space The  curved  rib  stage    ....     has 

been  found  in  every  species  and  race  dealt  with  in  this  pai)er.  The  curved 
ribs,  after  about  one-third  of  a  whorl,  change  abruptly  Into  the  straight 
ribs  of  what  has  l>een  designatecl  the  cancellated  stage." 

"The  cancellated  condition  is  found  more  or  less  w^ell  developed  in 
all  the  different  races.  In  the  primitive  races  it  may  persist  as  a  con- 
stant feature  to  the  end  of  the  individual's  life;  but  in  most  forms  it 
covers  only  a  few  whorls  and  is  more  variable  than  the  prweding  curve<l 
rib  stage."  The  end  of  the  cancellated  stage  is  much  less  definite  than 
the  beginning.  It  is  followed  by  the  "spiny  stage."  In  this  stage  the 
shoulder  tubercle  is  8hari>  and  spine-like.  Other  tubercles  have  disap- 
peared, and  this  portion  of  the  shell  is  therefore  no  longer  cancellated. 
Succeeding  the  spiny  stage,  there  may  be  a  senile  stage. 

In  the  base  of  the  Eocene  at  Matthew's  Landing,  Alabama,  occurs  a 
species,  AthJeta  limopsis,  which  from  its  primitive  characters,  and  Its  po- 
sition at  the  base  of  the  Eocene,  Smith  regards  as  the  ancestor  of  the 
races  and  species  which  he  deals  with  in  his  i)ai)er.    This  form  presents 
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no  stages  later  tbaii  the  cancellated  stage.  There  is  also  very  little  in- 
dividual variation.  Associated  with  A.  Hmopsis  is  the  species  A,  rugatus. 
In  its  earlier  stages  this  species  very  closely  resembles  A.  limopsia,  but 
"differs  radically  ....  from  that  form  with  the  progress  of  its 
ontogeny."  In  its  later  whorls  it  presents  evidence,  though  not  extreme, 
of  senility.     It  has  no  spiny  stage. 

The  next  species  A.  petrosaj  represents  an  assemblage  of  races  con- 
nected by  many  intergradlng  forms.  These  races  range  upward  from  the 
Nanfalia  beds  to  the  Jackson  beds  of  the  Eocene.  Several  of  them  are 
senile  races,  and  In  the  adult  strikingly  different  from  the  ancestral  form, 
A.  Hmopsis.  Smith  says,  however,  that  the  young  of  all  the  races  "are 
remarkably  uniform  and  constant.  The  early  whorls  indicate  clearly  that 
they  are  all  descended  from  a  cancelated  ancestor,  and  bear  a  strong  re- 
semblance ....  to  the  characters  of  A,  UmopHs.**  Some  of  the 
senile  races  of  pctrosa  are  profoundly  modified  in  the  adult,  as  for  ex- 
ample, the  Hatchetlgbee  race,  derived  from  the  main  stock  through  the 
Bell's  Landing  and  Wood's  Bluff  races.  Yet  their  derivation  from  the 
main  stock  is  shown  by  intennediate  forms,  and  the  young  of  the  terminal 
races  greatly  resemble  the  ant^estral  form.  In  the  Jackson  race,  which  is 
the  terminal  member  of  the  main  stock,  the  last  two  whorls  are  spiny, 
and  the  last  whorl  shows  some  senile  characters  at  its  close.  "This  race 
shows  a  regular  and  even  ontogeny."  Acceleration  has  carried  the  curved 
rib  stage  back  to  the  beginning  of  the  third  whorl,  whereas  in  the  an- 
cestral A.  limopsU  this  stage  begins  near  the  close  of  the  fourth  whorl. 

Smith  has  graphically  expressed  the  main  developmental  and  phylo- 
genetic  changes  in  the  following  diagram : 
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In  the  above  diagram  the  figures  across  the  top  stand  for  the  number 
of  the  whorl  of  the  shell,  and  the  letters  indicate  the  different  ontogenetic 
stages  as  follows: 
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A — Smooth  stage. 
B — Curved  rib  stage. 
C — (cancellated  stage. 
D — Spiny  stage. 
E — Senile  stage. 
I — Individual  variation. 

The  acceleration  of  the  Jackson  race  is  beautifully  brought  out  in 
this  diagram,  and  as  its  correlative,  the  recapitulation  in  the  earlier  onto- 
geny of  the  later  races,  of  the  adult  characters  of  the  ancestral  race.  The 
individual  variations  may  occur  on  any  part  of  the  shell,  but  usually  fol- 
low stage  C.^ 

Brachiopoda. — Among  the  members  of  this  class  there  is  a  wealth  of 
illustrations  of  recapitulation.  I  can  only  select  a  few  case^  that  have 
been  worked  out  in  f«uch  a  way  that  the  relationships  of  the  forms  are  in- 
dicated by  the  morphological  and  geological  series  as  well  as  by  the  on- 
togeny. The  pioneer  student  of  the  correlation  of  ontogeny  and  phylogeny 
among  the  brachlopods  was  Beecher,  whose  refined  researches  in  paleo- 
biology have  never  l>een  excel le<l  and  rarely  equaled. 

The  developing  brachioiKKl,  in  the  later  embryonic  stages,  secretes  in 
the  mantle  on  opposite  sides  of  the  body  two  shell  plates,  which  by  peri}>h- 
eral  growth  ultimately  meet  at  the  edges  and  form  the  Initial  shelly 
investment  of  the  animal.  This  initial  shell  to  which  Beecher  has  given 
the  name  "protegulum"  (6)  is  of  very  simple  form,  consisting  substan- 
tially of  two  convex  plates  of  semicircular  plan,  gaping  at  the  posterior 
straight  edges.  Through  this  gap  between  the  two  valves  the  pedicle 
(organ  of  attachment)  projects.  At  first  the  i)edicle  occupies  the.  full 
width  of  the  valves,  but  subseipient  i»eripheral  growth  of  the  shell  with- 


*  For  additional  studies  of  the  gastropoda  from  tlie  developmental  standpoint 
see  the  following :  Koken,  E.,  Ueber  der  Gastropoden  vom  Cambriiim  bis  jsur  Trias., 
Jahrb.  fUr  Mineral.  Oeol.  u.  Pal.,  1881),  Bell.  Bd.  vl.  Linden,  (irftfen  M.  von. 
Die  Entwiclclung  der  Skulptur  und  der  ZeichnunK  bei  den  Gehausschnecken  des 
Meeres,  Zeitschr.  Wias.  Zool.,  vol.  1x1.  1896.  (irabau,  A.  W.,  Studies  of  Gastro- 
poda II,  Fulgar  and  Sycotypus,  .4»».  Sat.,  vol.  xxxvli,  1!)0:J;  Phylogeny  of  Fusus  and 
Its  allie.s,  SnUlhsonian  Miscell.  Coll.,  vol.  xllv,  1904 ;  Studies  of  Gastropoda  III 
on  Orthogenetic  variation.  Am.  Xat.,  vol.  xli,  1907.  Smitb.  Burnett,  Phylogeny 
of  the  species  of  I'^ulgur  with  remarks  on  an  abnormal  specimen  of  Fulgur  canal- 
Iculatum  and  sexual  dimorphism  in  Fulgur  carica,  Proc.  Acad.  Nat.  8ci.  Phila.,  vol. 
liv,  1902  ;  .Senility  among  Gastropods.  Proc.  Acad.  Nat.  8H.  Phila.,  vol.  IvII,  1905 : 
Phylogeny  of  the  races  of  Volutllithes  petrosus.  Proc.  Acad.  Nat.  8ci.  Phiiu.,  March, 
1906;  A  new  species  of  Athleta  and  a  note  on  the  morphology  of  Athlota  petrosa, 
Proc.  Acad.  Nat.  8ci.  Phila.,  May,  1907 ;  A  contribution  to  the  morphology  of 
Pyrula,  Proc.  Acad.  Nat.  8ci.  Phila.,  May,  1907. 
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out  corresponding  enlargement  of  the  pedicle,  leaves  the  latter  restricted 
to  a  notch  (delthyrium)  In  the  posterior  margins  of  the  valves,  providing 
the  peripheral  growth  is  about  equal  on  all  anterior  and  lateral  radii. 
If  the  shell  growth  is  greater  in  the  anterior  direction,  the  shell  becomes 
pointed,  the  pedicle  (posterior)  end  remaining  of  about  the  original 
width.  If  the  shell  gi'owth  is  mainly  in  the  lateral  directions,  the  shell 
becomes  wide,  with  a  long  straight  hinge,  of  which  the  pedicle  opening 
fonus  a  very  small  proportion.  Whatever  may  be  the  later  growth  of  the 
shell,  ail  the  earlier  stages  are  preserved,  except  in  cases  where  the  beaks 
are  Injured  or  resorbed  by  the  encroachment  of  the  pedicle  in  adult  and 
senile  stjiges.  The  growth  of  the  shell  is  entirely  by  additions  at  the  mar- 
gins or  on  the  inner  surface.  It  follows  that  the  protegulum  may  in  ex- 
cei)tionally  well  preserved  material  be  seen  intact  at  the  l)eaks  of  the 
adult  shell.    It  is  often  seen  at  the  apices  of  young  sliells. 

Searching  for  the  phylogenetic  significance  of  the  protegulum,  Beecher 
(«>)  ascertained  that  certain  of  the  earliest  known  brachiopods  approxi- 
mate very  closely  in  form  to  the  i)rotegulum,  and  he  selected  the  genus 
Paterina  (Iphidea)  as  the  radicle  of  the  class.  It  has  since  been  shown 
that  Paterina  is  not  the  most  primitive  known  brachlopod.'  It  is  still 
true,  however,  that  the  most  primitive  brachiopods  known  are  of  the 
same  general  form  and  type  as  Paterina,  in  fact  they  approximate  more 
closely,  if  anything,  than  that  genus,  to  the  form  of  the  |>rotegulum.  It 
may  be  very  safely  concluded,  therefore,  from  the  geological  evidence, 
that  the  primitive  brachiopod  was  actually  of  the  tyiw?  indicated  by  the 
protegulum. 

Beecher  says  of  Paterina:  **In  mature  specimens,  all  lines  of  growth, 
from  the  nucleal  shell  to  the  margin,  are  unvaryingly  parallel  and  con- 
centric, terminating  abruptly  at  the  cardinal  line.  In  other  words,  no 
changes  occur  in  the  outlines  or  proportions  of  tlie  shell  during  growth, 
through  the  nepionic  and  neanic  stages  up  to  and  including  the  com- 
pleted ephebic  condition.  The  resemblance  of  tills  form  to  the  protegulum 
of  other  brachiopods  is  very  marked  and  significant,  as  it  represents  a 
mature  type  having  only  the  common  embryonal  features  of  other  genera.*' 

Among  the  Brachlopoda,  as  among  the  Pelecypoda  there  are  a  number 
of  forms  in  which  the  condition  of  very  close  fixation  or  of  burrowing  has 


*  Walcott  (62)  secerns  to  reserve  this  distinction  for  his  genns  Rtistella.  Pater- 
ina is  by  him  inacit*  a  subgenus  of  the  genus  Micromilra.  These  forms  are  all 
placed  In  the  superfamily  Rusiellacea. 
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given  rise  to  extremely  aberrant  types.  One  of  tlie  most  extreme  of  these 
types  is  the  genus  Proboscidella.  The  adults  of  this  genus  bear  a  very 
marked  resemblance  to  the  Peleeypod  genus  Aspergillum.  In  the  early 
neanic  stages  Proboscidella  resembles  an  ordinary  Productus,  from  which 
genus  the  type  is  known  to  have  descended.  Orhiculoidea  is  a  genus 
originating  in  the  Ordovician,  and  extending  through  the  Mesozoic.  The 
first  stage  is  paterina-like,  the  second  resembles  Oholclla,  the  third  is  like 
Schizocrauia,  and  adult  growth  brings  in  the  characters  of  Orhiculoidea, 
The  geological  order  of  these  genera  is  the  same  as  the  ontogenetic  order 
of  Orhiculoidea. 

Of  Orhictiloidea  and  its  allies  Beecher  (7)  says:  "The  early  stages 
of  Paleozoic  Orhiculoidea  have  straight  hinge-lines  and  marginal  beaks, 
and  in  the  adult  stages  of  the  shell  the  beaks  are  usually  subcentral  and 
the  growth  holoperipheral.  This  adult  discinold  form,  which  originated 
and  was  acquired,  through  the  conditions  of  fixation  of  the  animals,  has 
i)een  accelerated  in  the  recent  Discinisca  so  that  it  appears  in  a  free-swim- 
ming larval  stage.  Thus  a  character  acquired  in  adolescent  and  adult 
stages  in  a  Paleozoic  species,  through  the  mechanical  conditions  of  growth, 
appejirs  by  acceleration  in  the  larval  stages  of  later  forms  before  the  as- 
sumption of  the  condition  of  fixation  which  first  produced  this  character." 

In  the  higher  genera  of  the  Terebratellidje,  the  ontogeny  recapitulates 
the  phylogeny  with  remarkable  fidelity,  as  iwlnted  out  by  Beecher  (7). 
This  example  has  become  classic,  so  that  it  is  scarcely  necessary  to  re- 
peat the  details.  I  shall  give  Beecher's  conclusions  in  his  own  words. 
He  says:  "In  each  line  of  progression  [the  austral  and  boreal  subfami- 
liesl  in  the  Terebra  tell  Ida*,  the  acceleration  of  the  period  of  reproduction, 
by  the  Influence  of  environment,  threw  off  genera  which  do  not  go  through 
the  complete  series  of  metamorphoses,  but  are  otherwise  fully  adult  and 
even  may  show  reversional  tendencies  due  to  old  age;  so  that  nearly 
every  stage  passed  through  by  the  higher  genera  has  a  fixed  representa- 
tive in  a  lower  genus.  Moreover  the  lower  genera  are  not  merely  equiva- 
lent to  or  in  exact  parallelism  with,  the  early  stages  of  the  higher,  but 
they  express  a  permanent  type  of  structure,  as  far  as  these  genera  are 
concerned,  and  after  reaching  maturity  do  not  show  a  tendency  to  at- 
tain higher  phases  of  development,  but  thicken  the  shell  and  cardinal 
process,  absorb  the  deltldial  plates,  and  exhibit  all  the  evidences  of 
senility." 
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Raymond  (4(3)  has  iminteil  out  a  number  of  interesting  cases  of  reca- 
l)itulation.  The  very  common  and  well-known  Devonian  Spirifer,  S,  mu- 
cronatus,  has  the  cardinal  extremities  in  the  adult  very  acute  (mucro- 
nate),  sometimes,  indeed,  drawn  out  into  needle-like  points;  while  the 
number  of  plications  may  be  thirty  or  more.  In  the  neanic  stage  these 
transversely  elongated  spirifers  pass  through  forms  corresiwnding  to  the 
adults  of  certain  Niagara  8i>ecies.  The  adult  of  8.  crispus,  corresponds 
very  closely  in  shape,  number  of  plications,  and  shell  index  with  these 
young  si>ecimens  of  S.  rnucronatus. 

Shimer  and  Grabau  (51)  have  shown  that  in  the  upi^er  part  of  the 
Hamilton  series  of  Thetlford,  Ontario,  there  occurs  a  variety  of  Spirifer 
mueronutus,  which  though  not  mucronate  at  all  in  the  adult,  is  "extremely 
mucronate"  in  the  neanic  stage.  At  this  stage  also  there  is  evidence  of 
the  median  plication  of  the  sinus,  another  charactertistic  of  the  adult  of 
the  normal  S,  rnucronatus.  In  the  adult  of  the  Thedford  variety  this 
median  plication  has  disappeared.  The  geological  and  morphological  evi- 
dence of  the  derivation  of  this  form  of  S.  mucronatvs  is  complete. 

I  have  pointed  out  an  exactly  similar  case  in  the  variety  seucx  of 
PiatyHtrophia  acutilirata  (16).  This  variety  occurs  In  the  upper  part 
of  the  Whitewater  division  of  the  Richmond  series  of  Indiana  and  Ohio. 
Platy8troi)hia  acutilirata,  as  is  well  known,  is  very  mucronate  in  the 
adult,  resembling  in  its  general  outline,  Spirifer  mncronatm.  It  was  In 
fact  at  first  referred  to  the  genus  Delthyris  (Spirifer).  The  normal  form 
is  shown  by  an  unusually  closely  graded  series  of  Intermediate  fonns  to 
be  descended  from  P.  Jatieosta,  and  it  rei)eats  the  ndult  characters  of  the 
latter  very  faithfully  in  its  late  neanic  stage,  becoming  always  more  mu- 
cronate as  development  proceeds.  The  ui)per  Whitewater  form,  var. 
senex,  frequently  has  entirely  lost,  in  the  adult  stages,  the  acute  angula- 
tion of  the  cardinal  extremities,  so  that  the  lateral  and  cardinal  edges 
make  a  right,  or  nearly  a  right  angle.  In  the  young  (neanic)  stages  of 
P.  scnex,  however,  the  shell  Is  decidedly  mucronate.  so  that  these  young 
shells  exactly  resemble  the  normal  Platystrophin  acutilirata  of  the  lower 
Whitewater  and  Liberty  formations.  P.  sencx.  It  may  be  remarked,  is  a 
well  defined  form,  and  Its  derivation  from  P.  acutilirata  is  beyond  ques- 
tion, since  it  is  connected  with  the  latter  by  every  gradation. 

Another  interesting  case  of  recapitulation  among  the  brachiopods  has 
been  worked  out  with  great  care  by  Mr.  F.  C.  Greene  (27).  In  this  case 
also  no  pains  was  spared  to  ascertain  the  relationships  of  the  various 
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forms  by  tracing  tliem  contimiously  from  zone  to  zone,  and  by  a  comparison 
of  the  mori)hol()gical  characters  of  the  adults.  The  group  studied  by 
Greene  is  that  of  Ciionetnt  granulifer,  from  the  Upper  Carboniferous  rocljs 
of  Kansas.  Here  tlie  forms  from  the  higher  zones  repeat  in  their  onto- 
geny the  characters  of  forms  from  the  lower  zones  with  great  fidelity.  The 
very  young  stages  also  recall  very  forcibly  the  si)ecies  of  Chonetcs  from 
the  Devonian.  Chonetcs  granulifer  is  also  very  interesting  from  the  fact 
that  the  first  hiuge-si)ines  appear  very  much  earlier  in  the  ontogeny  than 
is  the  case  in  the  Devonian  species  studied  by  Raymond  (4(1) »  therefore 
showing  a  consideralile  degree  of  acceleration  of  this  character  during 
the  interval  from  the  Devonian  to  the  Upper  Carboniferous. 

Other  interesting  cases  of  recai)itulatiori  among  brachiopods  have 
l)een  pointed  (mt  by  Beecher  and  Sciuichert  (12)  in  the  development  of 
the  brachial  aM)aratus  in  Dielasnm  and  Zygospira,^ 

Trilohiia. — Studies  of  the  early  stages  of  the  development  of  trllo- 
bites  have  been  published  by  Barrande  (I^.  4),  Walcott  (59,  60,  61),  Beecher 
(8,  9),  Matthew  (39,  40,  41)  and  others,  but  for  indication  of  the  corre- 
lation of  the  ontogeny  and  tlie  phylogeny  In  this  class  we  are  almost  en- 
tirely indebted  to  Beecher.  In  his  papers  on  **Larval  Stages  of  Trilo- 
bites"  (8),  and  a  '^Natural  (Massiflcation  of  the  Trilobites"  (9),  he  has 
not  only  iK>inted  out  the  remarlcable  way  in  which  characters  are  re- 
capitulated in  this  class,  but  has  also  proposed  what  is  probably  to  be  re- 
garded as  the  most  perfect  example  of  a  phylogeuetic  classification  of  a 
group  of  organisms,  in  existence. 

The  earliest  developmental  stage  of  trilobites  that  has  ever  been  found 
(barring  supposed  trilobite  eggs)  is  the  larval  stage  or  "protaspis,"  as  it 
is  called  by  Beecher  (8).  The  protaspis  is  a  minute  body  of  ovate  or  dis- 
coid  shape,   and   about   a   millimeter   in   length.     This   larval   stage   has 


^  For  additional  pxamplcs  of  recapitulation  among  the  brachiopods  aee  the 
following:  Beecher,  C.  E.,  Studies  in  Evolution  (a  series  of  collected  papers), 
Scribners,  1901.  Beecher,  C.  E.,  and  Clarke,  J.  M.,  The  Development  of  some 
Silurian  Brachlopoda,  Mem.  N.  Y.  State  Mua.,  No.  I,  1889.  Beecher,  C.  E.,  and 
Sehuchert,  C,  Development  of  the  shell  and  brachial  supports  In  Dielasma  and 
Zygospira,  Proc.  Biol.  8oc.  Wctshington,  vol.  vlll,  1893.  Cumings,  E.  R.,  The 
morphogenesis  of  Platystrophia ;  A  study  of  the  Evolution  of  a  Paleozoic  Brach- 
lopod,  Am.  Jour.  8ci.,  vol.  xv,  1903.  Raymond,  P.  E.,  The  developmental  change 
In  some  common  Devonian  brachiopods.  Am.  Jour.  8ci.,  vol.  xvli,  1904.  Greene, 
F.  C,  The  development  of  the  Carboniferous  brachlopod  Chonetcs  granulifer,  Owen, 
Jour.  Qeol.,  vol.  xvl,  1908.  Buckman,  S.  S.,  Homeomorphy  among  Jurassic 
Brachlopoda,  Proc.   Cottestcold  A  of.  Field  Club,  vol.  xli,   1901. 
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been  seeu  in  a  siitticieutly  representative  series  of  genera  to  make  it  rea- 
sonably certain  that  it  is  the  common  larval  type  among  the  trilobites. 

It  IS  pretty  well  established  that  the  eye  of  crustaceans  has  migrated 
from  the  ventral  to  the  dorsal  surface  of  the  cephalon.  At  an  interme- 
diate stage  in  this  process  the  oyes  would  appear  on  the  margins  of  the 
cephalon.  If  this  has  been  the  history  of  the  eye,  the  most  primitive 
lan'ae  should  show  no  evidence  of  eyes  on  the  dorsal  surface,  and  since 
the  eye  Is  on  the  Inner  margin  of  the  free  cheek,  there  should  be  no  evi- 
dence of  the  free  cheek.  This  is  exactly  the  case  in  the  youngest  larvae 
of  Ptychoparia,  Sohnopleura  and  lAostracus,  "which  are  the  most  primi- 
tive genera  whose  i^rotaspis  is  known.  Tlie  eye-line  is  present  in  the 
later  larval  and  adolescent  stages  of  these  genera,  and  persists  to  the 
adult  condition.  In  sao  it  has  been  pushed  forward  to  the  earliest  protas- 
[)is,  and  is  also  found  in  the  two  known  larval  stages  of  Triarthrus.  Sao 
retains  the  eye-line  throughout  life,  but  in  Triarthrus  the  adult  has  no 
traces  of  It,  and  none  of  the  higher  and  later  genera  studied  has  an  eye- 
line  at  any  stage  of  development."  This  character  according  to  Matthews, 
is  characteristic  of  the  Cambrian  trilobites.  In  its  phylogenesis  in  later 
trilobites  it  disappears  first  from  the  adult  stages,  and  is  finally  lost 
from  the  entire  ontogeny.  The  eyes  appear  on  the  margin  of  the  cephalon 
in  the  last  larval  stage  of  Ptychoparia,  Solenopleura,  Liostracus,  Sao,  and 
Triarthrus.  In  the  later  genera  the  eyes  are  present  "in  all  the  protaspis 
stages,  and  persist  to  the  mature,  or  ei)hebic  condition,  moving  In  from 
the  margin  to  near  the  sides  of  the  glabella." 

According  to  Beecher  (8)  "A  number  of  genera  present  adult  char- 
acters which  agree  closely  with  some  of  the  larval  features  [of  later 
genei^nl.  The  main  features  of  the  cephalon  in  the  simple  protaspis  forms 
of  Solcnopleura,  Liostraens,  and  Ptychoparia  are  retaiiied  to  maturity  in 
such  genera  as  Carausia  and  Aconthcus,  which  have  the  glabella  expanded 
in  front,  joining  and  forming  the  anterior  margin.  They  are  also  without 
eyes  or  eye-line.  Ctcnocephalus  retains  the  archaic  glabella  to  maturity, 
and  likewise  shows  eye-lines  and  the  beginnings  of  the  free  cheeks  (larval 
Sao).  Conocoryphc  and  Ptychoparia  are  still  further  advanced  In  having 
the  glabella  rounded  in  front,  and  terminate<l  within  the  margin  (larva  of 
Triarthrus).  These  facts  and  others  of  a  similar  nature  show  that  there 
are  characters  appearing  in  the  adults  of  later  and  higher  genera,  which 
successively  make  their  appearance  in  the  protasi)is  stage,  sometimes  to 
the  exclusion  or  modification  of  structures  present  In  the  most  primitive 
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larvae.  Thus  the  larvae  of  Dalmanitcs  and  Proctus,  with  their  prominent 
eyes,  and  glabella  distinctly  terminated  and  rounded  in  front,  have  char- 
acters which  do  not  appear  in  the  larval  stages  of  ancient  genera,  but 
which  may  api)ear  in  their  adult  stages.  Evidently  such  modifications 
have  been  acquired  by  the  action  of  the  law  of  earlier  inheritance  or 
tachygenesis." 

Bryozoa. — My  studies  (17,  IS)  were  the  first  to  show  that  there  is  in 
the  bryozoan  colony  a  definite  recapitulation  of  ancestral  characters,  and 
that  in  this  particular  the  colony  behaves  as  an  individual.  This  same 
fact  was  very  clearly  iiointed  out  by  Kuedemann  (47)  two  years  earlier 
in  the  Grai)tolites,  and  I  take  pleasure  in  quoting  his  very  explicit  state- 
ment, lie  says:  "Furthermore  the  fact  that  the  tliecje  within  tlie  s^inse 
colony  show  a  gradation  from  phylogenetlcally  older  to  younger  forms, 
and  therefore  analogous  to  the  organ  of  a  growing  individual,  jmss 
through  ancestral  stages,  as,  e.  g.,  do  the  septa  of  a  cephalopod  shell, 
demonstrates  how  closely  the  zooids  of  this  colony  were  united  into  one 
organism,  and  that  practically  Ihey  were  more  the  organs  of  an  individ- 
ual  than    the   component   of   a    colony If   the   graptolites   so 

closely  approached  the  morphologic  value  of  an  individual,  it  may  be  ex- 
l>ected  that,  like  an  individual,  the  whole  colony  has  its  ontogeny  and  re- 
passed ancestral  stages." 

My  studies,  referred  to  above,  brought  out  the  fact  that  the  bryozoan 
colony  begins  as  a  minute  hemlsi)herical  body,  the  "protoeeium'*  which  is 
the  earliest  exoskeletal  stage  of  the  first  individual  of  tlie  colony.  This 
protoeclum  (basal  disc)  is  very  conspicuous  in  the  Cyclostomata.  and  also 
in  the  ancient  Cryptostomata  (as  shown  in  FcncstcUa).^  It  can  not  be 
definitely  asserted  that  the  protcecium  corresponds  to  any  ancestral  bryo- 
zoan, but  the  marked  resemblance  of  the  zooecla  of  some  of  the  ancient 
Stom<itopora  of  the  Ordovlclan  to  the  protoeclum  Is  at  least  very  sug- 
gestive. 

The  ancestrula,  or  first  complete  Individual  of  the  colony,  has  long 
been  known  to  present  characters  more  similar  to  those  of  ancestral  forms 


'  I  first  used  the  term  protceclum  as  the  designation  of  the  first  Individual  of 
the  colony,  and  In  this  sense  It  would  be  exactly  equivalent  to  the  term  ancestrula 
of  Jullien.  In  a  later  paper  (18)  I  restricted  the  term  to  the  basal  disc  (of 
Barrois)  which  Is  the  callclfied  wall  of  the  metamorphosed  and  hlstolyzed  embryo 
In  Its  earliest  sedentary  stage.  Out  of  this  basal  disc  the  first  normal  individual 
arises  by  a  process  stirctly  analogous  to  budding.  In  this  sense,  therefore,  the 
term  protopcium  Is  exactly  correlative  with  the  terms  protegulum.  protoconch. 
prodlssoconch,  etc. 
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than  the  characters  of  the  ei)heha8tic  zooecia  (see  Nitsche  44,  and  Pergens 
45).  I  have  succeeded  in  finding  evidence  (18)  that  this  is  true  to  a  no- 
table extent  in  the  ancient  Fencatella,  where  the  tubular  ancestrula  bears 
a  strilsing  resemblance  to  the  simple  tubular  ephebastic  zooecia  of  the 
Cyclostomata,  from  which  group  there  is  every  reason  to  believe  the 
Cryptostomata  are  descended. 

It  is  also  pointed  out  by  Nitsche  and  Pergens  (loc.  Ht.)  that  the 
earlier  budding  habit  of  the  colony  is  similar  to  ancestral  tyi)es.  In  my 
own  studies  I  was  able  to  show  that  the  early  budding  habit  is  very  uni- 
form in  the  most  diverse  types  of  Bryozoa,  and  that  it  corresponds  to  the 
budding  habit  that  prevails  throughout  the  astogeny  of  the  reptant  sto- 
ma toporas. 

In  Fen€8tcUa  my  studies  indicate  that  the  earlier  individuals  (nepi- 
astic)  of  the  colony  are  very  different  from  the  adult  (ephebastic)  indi- 
viduals and  are  strikingly  similar  to  the  ephebastic  individuals  of  certain 
Cyclostomata  that  are  on  morphological  grounds,  as  pointed  out  by  Ulrich 
(63),  probably  ancestral.  And  again,  the  early  neanastic  zocecla  of  the 
Devonian  fenestellas  studied  are  almost  exactly  like  to  the  ephebastic 
zooecia  of  the  fenestellas  of  the  Niagara  series.  Unpublished  studies  in- 
dicate that  in  the  Fenestellas  of  the  Upi>er  Carboniferous  the  neanastic 
stage  is  more  abbreviated,  and  that  the  adult  type  of  zocecia  follows  more 
closely  upon  the  neplonic  type. 

Dr.  Lang  of  the  British  Museum  has  published  very  Interesting  studies 
of  the  Stomatoporas  and  Eleids  of  the  Mesozoic  (35,  36,  37),  and  has  come 
independently  to  exactly  the  same  conclusions  as  the  writer  in  regard  to 
the  development  of  the  colony,  and  the  relations  of  astogeny  and  phylo- 
geny  among  the  Bryozoa.  He  says  (35),  "The  development  of  the  colony 
is  comparable  with  and  follows  the  same  laws  as  the  development  of  the 
individual."  And  again:  "Among  Jurassic  forms  of  Stomatopora  and 
Proboftcina  It  has  been  found  that  when  any  given  character,  such,  for 
instance,  as  the  rJitlo  of  the  length  of  the  zooecium  to  Its  breadth.  Is  fol- 
lowed from  the  first  zocecium  to  the  last,  that  it  has  a  progressive  develop- 
ment, or  anagenesis,  reaches  a  maximum,  or  acme,  and  often  may  be  seen 
to  have  a  retrogressive  development,  or  katagenesis,  In  the  ultimate 
branches  of  the  zoarium." 

Lang  has  paid  especial  attention  to  the  manner  of  branching  In  Juras- 
sic stomatoiwras.  The  nearly  universal  method  of  branching  in  the  Juras- 
sic members  of  this  group  Is  by  dichotomy.    This  according  to  Lang  may 
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be  by  one  or  other  of  three  types  as  follows :  In  tyiie  I  the  two  zooeeia  are 
separate  throughout  their  entire  length,  only  touching  at  their  bases.  In 
type  II  they  are  contiguous  throughout  their  length,  and  In  the  interme- 
diate tyi)e  they  are  contiguous  for  part  of  their  length.  To  a  large  extent 
correlated  with  these  types  of  dichotomy  is  the  angle  of  divergence  of  the 
branches. 

In  all  the  Jurassic  stomatoporas  and  in  a  few  proboscinas  the  lirst 
dichotomy  is  according  to  type  I,  and  at  a  very  wide  angle  (180°).  The 
second  dichotomy,  in  the  majority  of  cases,  is  also  according  to  tn>c  I« 
with  an  angle  of  120°.  The  next  is  commonly  only  90°,  the  next  G0°,  and 
the  next  45°.  all  according  to  type  I.  *'In  primitive  [Jurassic]  forms  the 
branching  never  gets  beyond  tyi)e  I  with  a  small  angle.  In  the  majority 
of  forms,  however,  sooner  or  later  the  intermediate  type  of  branching  comes 
in,  and  In  a  great  many  forms  this  type  is  the  final  one.  In  a  few  cases  of 
^tomatopwa,  and  in  all  Prohoscina,  type  II  is  at  some  time  or  other 
reached,  and  remains  the  ultimate  form  of  branching  of  the  zoarlum.  This 
Ke<iuence  namely.  Type  I — Intermediate  type — Type  II,  Is  invariably 
followeil."    (35). 

In  primitive  Prohoscina  (a  genus  derived  from  Stomatopora)  the  first 
dichotomies  are  according  to  type  I.  "In  the  typical  forms  of  Prohoscina 
the  early  stages  have  been  so  condensed  according  to  the  law"  of  accelera- 
tion (Tachygenesls),  that  the  first  dichotomy  Is  formed  on  type  II. 
.  .  .  .  In  the  mrre  advanced  types  of  Prohoscina  ....  the  ar- 
rangement of  peristomes  is  Irregular  from  the  first."  This  Is  the  typical 
arrangement  for  Bcrnicca,  a  derived  genus  of  which  Stomatopora  and 
Prohoscina  are  the  first  two  terms.  It  Is  worthy  of  notice  that  while  in 
the  Jurassic  forms  of  Stomatopora  type  II  is  not  very  common,  it  is  ex- 
tremely common  in  the  Cretaceous  forms.* 

Graptolitcs. — The  beautiful  researches  of  Ruedemann  In  this  grouj) 
have  shown  us,  as  pointed  out  above,  that  the  graptolite  colony  closely 
approaches  the  morphologic  value  of  an  individual,  and  that,  like  the  in- 
dividual, it  iiresents  definite  ontogenetic  (astogenetic)  stages.  Ruedemann 
(47)    applies   to   the   colonial   development   the   terminology   proposed   by 


^  For  studies  in  the  zoarlal  development  of  Bryozoa  see  Curolngs,  E.  R..  The 
development  of  some  Paleozoic  Bryozoa,  Am.  Jour.  8ci.,  vol.  xvll.  1904  ;  Develop 
ment  of  Feneatella.  Am.  Jour.  ScL.  vol  xx,  1905.  Lang,  W.  D.,  The  Jurassic 
forms  of  the  'Renera'  Stomatopora  and  Prohoscina,  Oeol.  Mag.,  Dec.  v,  vol.  1,  1904  : 
The  R^ptant  Kleid  Polyzoa.  Oeol.  Mag.  Dec.  v,  vol.  Ill,  1906;  Stomatopora  antlqua. 
Ilalme.  and  Its  related  Liassic  forms,  Oeol.  Mag.,  Dec.  v,  vol.  II.  1905. 
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Hyatt  (31).  In  a  later  paper,  however,  he  approves  the  terminology  in- 
troduced by  me,  and  proposes  to  call  the  development  of  the  colony  the 
astogeny  (48). 

The  embryonic  stage  of  the  gra]>tolite8  is  represented  by  the  initial 
portion  of  the  sicula  (first  zooid),  according  to  Ruedemann;  'and  Holm 
(29)  asserts  that  the  more  pointed  end  of  the  sicula  "corresponds  to  the 
original  chitinous  covering  of  the  free  zooid  germ  or  embryo."  This  in- 
itial part  of  the  sicula,  according  to  Uuedemann,  holds  a  position  similar 
to  the  protoconch  of  the  cephalopod  shell. 

In  part  I  of  his  splendid  monograph  of  the  Graptolites  (48)  of  New 
York,  at  page  530,  Ruedemann  says:  "It  has  been  pointed  out  in  a  former 
publication  that  not  only  did  there  exist  in  the  graptolites  ontogenetic 
gi-owth  stages  in  the  development  of  the  individual  zooids,  .... 
hut  the  rhabdosomes  in  toto  and  in  their  parts,  the  branches,  seem  also  to 
pass  through  statjes  which  suggest  phylogenetically  preceding  forms:' 

Of  the  various  ways  in  which  these  astogenetic  stages  express  them- 
selves, Ruedemann  mentions  tlie  following:  "The  original  direction  of 
growth  of  the  brandies  of  the  Dichograptida?  has  been  in  the  approximate 
continuation  of  the  sicula,  i.  e.,  an  ascending  erect  i)osition  as  long  as 
the  rhabdosomes  were  sessile,  on  the  ground.  These  became  i)endant  when 
the  graptolites  attached  themselves  in  a  suspended  i)osition  to  seaweeds, 
as  numerous  hydroids  do  today.  To  restore  to  the  zooids  their  original 
.  .  .  .  erect  position,  the  branches  began  now  to  recurve  .... 
[becoming  progressively  horizontal,  reflexed,  reclined  and  recumbent] 
.  .  .  .  We  find  now  in  the  majority  of  the  Dichograptidte  with  the 
above  cited  growth  directions  of  the  branches,  that  the  latter  still  retain 
their  original  dependent  direction,  in  the  proximal  parts  in  some  species 
....  while  in  others  by  the  law  of  acceleration,  the  dependent  proxi- 
mal direction  has  already  changed  into  a  horizontal  one  ....  the 
change  in  direction  becoming  progressively  more  abrupt  as  the  final  direc- 
tion of  the  branches  becomes  reclined    ....    or  recumbent 

The  branches  pass  hence,  in  their  development,  through  different  directions 
representing  ontogenetic  stages  that  repeat  stations  in  their  phylogenetic 
development."     (48.) 

An  analogous  fact  is  foimd  in  the  character  of  the  thecae.  "A  com- 
parison of  the  form  of  the  thecee  of  the  youngest  dichograptld  genera 
.    .     .     .     with  that  of  the  older  and  presumably  phylogenetically  preced- 
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ing  genera  ....  shows  that  in  general  the  older  genera  have  the 
more  tubular,  simpler  thecte,  with  the  less  i)roteeted  ai)ertural  margins.  It 
is,  hence,  apparent  that  the  stolonal  or  earlier  theae  of  the  rhabdosomes 
represent  indeed  the  older  types  of  thecal  form/'     (48.) 

Other  Classes. — The  case  of  the  larva  of  Antedon  has  already  been 
referred  to.  As  pointed  out  by  Bather  (1),  the  stem  ossicles  of  the  lan-al 
Antedon  are  of  a  complex  and  specialized  type,  and  in  a  general  way  re- 
semble the  stem  ossicles  of  the  Bourgueticrlnida?  of  the  Upper  Cretaceous. 
It  is  held  by  Bather  that  the  structures  of  the  adult  ancestors  have  been 
pushed  back  by  acceleration  to  the  larval  stages  of  the  existing  Antedon, 

Recapitulation  is  also  shown  in  the  anal  plate  of  Antedon,  The  anal 
plate  appears  between  two  of  the  radials  and  on  the  same  level  with  them. 
Subsequently  it  is  lifted  out  from  between  the  radials,  and  the  latter  close 
beneath  it.  Still  later  the  anal  plate  is  resorbed  entirely.  That  this  is  the 
recapitulation  of  an  adult  character  and  not  of  a  larval  character,  as  con- 
tended by  Hurst,  is  shown  by  the  fact  that  the  oldest  crinoids^  do  not  possess 
the  anal  plate  at  all.  It  appears  from  paleontological  evidence  that  this 
plate  first  appeared  above  the  level  of  the  radials,  that  it  gradually,  sank 
down  between  the  two  i)osterior  radials,  and  that  at  a  far  later  period 
(at  about  the  close  of  the  Paleozoic)  it  gradually  passed  upward  again  as 
it  does  in  Antedon,  and  eventually  disiipi>eared. 

Jackson  has  shown  that  there  is  good  evidence  of  recapitulation  among 
the  fossil  echinoids  (33).  In  most  regions  of  the  echinoid  the  develop- 
ment is  obscure<l  by  the  more  or  less  extensive  resorption,  but  the  plates 
of  the  corona  may  show  by  their  iM)sition  and  number,  the  course  of  devel- 
opment. Jackson  holds  that  the  introduction  of  columns  of  plates,  both 
Interambulacral,  and  ambulacral,  in  Melonites,  etc.,  indicates  the  stages  of 
growth  through  which  the  individual  has  passed  in  its  development.  He 
shows  that  two  columns  of  ambulacral  plates  "may  be  accepted  as  the 
usual  characteristic  of  the  whole  class,  which  finds  its  representative  in 
the  majority  of  the  adults,  in  nearly  all  young,  and  in  the  adult  of  the 
simplest  and  oldest  known  tj7)e,  Bothriocidans.'" 

Interambulacral  areas  originate  ventrally  in  a  single  plate.  Only  one 
genus  is  known,  however,  that  has  a  single  row  of  plates  in  the  adult, 
namely  Bothriocidaris,  This  is  the  simplest  known  and  "perhaps  the 
simplest  conceivable  echinoid.'' 
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In  Goniocidaris  the  interambulacral  plates  of  the  adult  are  approx- 
imately hexagonal  in  form  instead  of  pentagonal.  "The  relative  form 
of  the  plates  in  young  Goniocidaris  is  almost  exactly  the  same  as  in  the 
primitive  type,  Botkriocidarw.'' 

"The  early  stage  in  which  we  find  a  single  interambulacral  plate,  to- 
gether with  two  ambulacra  1  plates,  in  each  area  is  so  important  that  it 
is  desirable  to  give  it  a  name,  the  protechinus  stage.  The  protechinus  is 
an  early  stage  in  developing  Echini,  belonging  to  the  phylembryonic  period. 
In  which  the  essential  features  of  the  echinoid  structure  are  first  evinced. 
.  .  .  .  This  protechinoid  stage  of  Echinoderms  is  comparable  as  a  stage 
In  growth  to  a  similar  stage  which  is  expressed  in  the  protegulum  of 
brachioiKMis,  the  protoconch  of  cephalous  mollusks,  the  prodlssoconch  of 
I)elecyi>ods,  and  the  protaspis  of  trilobites.**     (33.) 

Miss  Smith  (Mrs.  Alexander  Shannon)  has  shown  very  conclusively 
the  exact  resemblance  of  the  form  of  the  young  Pentrcmites  conoideus  to 
the  adult  Codastcr  (52).  In  Codaster  the  conical  form,  narrowest  at  the 
base  and  enlarging  upward,  is  maintained  throughout  life.  In  Pentrcmites 
only  the  early  stages  of  growth  have  this  form,  while  the  adult  is  broadest 
at  the  base  and  narrowest  at  the  top. 

This  evidence  from  development  would,  according  to  the  theory  of 
recapitulation,  indicate  that  Cadaster  stands  in  an  ancestral  relation  to 
PentremitcSy  and  it  Is  therefore  of  importance  to  the  theory  that  Bather 
(2)  from  other  evidence  has  independently  reached  the  same  conclusion 
as  Miss  Smith  in  regard  to  the  relationship  of  the  two  forms.^ 

Among  corals  Beecher  (5)  has  worked  out  the  development  of  Pleu- 
rodictyum  lentieulare  and  concludes  that  the  first  neanic  stage,  in  the 
manner  of  growth  and  the  structure  of  the  corallum,  is  very  suggestive  of 
Aulopora,  and  should  be  given  considerable  significance."  Girty  (21)  comes 
to  the  same  conclusion  from  a  study  of  Favositen  forhesi,  etc. 

Bernard  (14)  has  shown  that  the  coral  colony  in  similar  fashion  to 
the  bryozoan  colony  and  the  graptollte  colony  behaves  as  an  individual. 
In  another  paper  (13)  he  has  recognized  as  the  first  growth  stage  of  the 


*  Batlier'B  conclusion  was  published  In  1900,  and  Miss  Smith's  paper  in  1906. 
The  latter,  however,  w^as  not  aware  of  Bather's  views  as  to  the  relationships  of 
these  two  forms,  so  that  the  conclusions  of  the  two  workers,  arrived  at  Indepen- 
dently and  from  different  lines  of  evidence  are  all  the  more  important  and  convinc- 
ing. Bather  says  In  a  review  of  Miss  Smith's  paper  that  he  considers  Pentremltes 
as  the  "extreme  link  In  the  series  Codaster — Phaenoschisma — Oryptoachiama — Oroph- 
ocrinu8 — Pentremitidea — Pentremltes." 
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coral  skeleton  tlie  **prototheka,"  or  bapal  cup  of  the  first  individual  of  the 
ct)lony. ' 

Lang  (.*iS)  lias  written  a  very  suggestive  paper  on  growth  stages  of 
British  si)ecies  of  corals,  in  which  he  points  out  the  fact  that  the  onto- 
genetic stages  are  repeated  In  each  rejuvenescence  (branching?),  and  sug- 
gests that  we  have  here  an  example  of  localized  stages  in  development 
(see  Jackson  34).  It  may  be  remarked  at  this  point  that  Ruedemann  has 
also  detected  localized  stages  in  graptolites  (47,  48),  and  Lang  in  Bryozoa 
(3(5).  Lang  also,  in  the  paper  on  corals,  concludes  that  there  is  recapitu- 
lation in  the  coral  genera  studied  by  him,  of  ancestral  characters,  and  he 
gives  a  table  Illustrating  thls.^ 

Summary. — Paleontologists  almost  universally  accept  the  theory  of  re- 
capitulation. Its  chief  critics  have  been  embryologists.  The  reason  for 
the  diflPerence  In  attitude  is  probably  to  be  sought  in  the  fact  that  the 
former  ordinarily  compare  epembryonic  stages  with  adult  characters  of 
geologically  older  species,  while  the  latter  too  often  compare  embryonic 
stages  with  the  adult  stages  of  existing  species.  It  is  also  to  be  noted 
that  in  recapitulation  we  have  to  do  with  mori)hological  and  not  with 
physiological  characters,  and  that  the  row  of  cells  from  the  egg  to  the  adult 
may  be  morphologically  the  same  in  two  organisms,  while  being  at  the 
same  time  physiologically  different.  Until  It  can  be  shown  that  two  organ- 
Isms  morphologically  different  In  the  adult  must  of  necessity  be  morpho- 
logically different  at  all  stages,  the  argument  of  Montgomery,  IIui*st  and 
others  proves  nothing. 


*  Tbe  term  prototheka  was  proposed  simultaneously  (January,  1904)  by  Ber- 
nard and  myself  for  the  earliest  skeletal  structure  of  the  coral  colony.  We  have 
used  it,  however.  In  a  slightly  dlflPerent  sense.  Bernard  appIieH  It  not  only  to  the 
first  individual  of  the  colony,  but  also  to  the  basal  plates  or  cups  of  later  indi- 
viduals. I  intended  to  restrict  it  to  the  basal  cup  of  the  first  individual.  The 
references  are  as  follows :  Bernard,  H.  M.,  The  prototheka  of  the  Madreporaria, 
with  special  reference  to  the  genera  Calostylis,  Linds.,  and  Mosleya,  Quelch.  Ann. 
Mag.  Nat.  Hist.,  Ser.  7,  vol.  xili,  .Tan.  1904.  Cumings,  E.  R.,  The  development  of 
some  Paleozoic  Bryozoa,  Am.  Jour.  Kci.,  vol.  xvil,  Jan.,  1904   (footnote,  p.  74). 

2  This  so-called  rejuvenescence  in  corals  appears  to  be  a  species  of  budding.  In 
which  the  bud  is  directly  superimposed  upon  the  parent.  It  is  fission  occurring  in 
a  horizontal  plane,  as  suggested  by  Bernard  (14),  and  the  new  skeleton  is  in 
direct  continuity  with  the  old.  This  is  the  same  Idea  exactly  as  that  advanced 
by  Ulrlch  some  years  ago  {Q^)  to  account  for  the  diaphragms  of  the  Bryozoa 
Trepostomata.  In  the  case  of  the  Trepostomata  the  zocp?lum  Is  frequently  oper- 
culate  (ex.  Callopora),  and  there  Is  good  evidence  that  the  bud  grows  up  through 
the  operculum  henco  leaving  It  behind  as  the  floor  of  the  new  Individual. 
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111  the  Cephalopoda,  Pelecypoda,  Gastropoda,  Brachiopoda,  Trllobita, 

Bryozoa,  Graptolites,  Echinoderms  and  CJorals,  examples  are  pointed  out 

in  which  there  is  clear  and  unmistakable  evidence  of  recapitulation.     In 

most  of  these  cases  it  is  the  epembryonic  and  not  the  embryonic  stages 

that  are  the  basis  of  comparison. 

Pftleontologica]  Laboratory, 
Indiana  University, 

Blooraingtoii,  Indiana. 
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The  Tippecanoe  •  an  Infantile  Drainage  System. 


By  Wm.  a.  McBeth. 


streams  first  come  Into  existence  on  a  recently  emerged  or  uncovered 
land  surface,  with  enough  rainfall  to  leave  a  surplus  for  runoff  after  the 
requirements  for  soil  saturation  and  evaporation  have  been  met.  An  up- 
lift of  part  of  the  sea  bottom,  the  drainage  of  a  lake  or  the  melting  of  an 
ice  sheet  may  produce  the  new  surface  on  which  the  streams  begin  their 
cycle  of  existence  and  work. 

Most  of  the  streams  of  northern  Indiana  are  in  the  youthful  stage. 
They  came  into  being  with  the  recession  of  the  North  American  Ice  Sheet 
from  that  part  of  the  State.  If  parts  of  the  region  retained  areas  of 
marsh,  pond  or  lake,  the  location  of  streams  in  such  areas  would  be  de- 
layed until  outlets  could  be  made  by  the  intrenchment  of  channels  by  out- 
flowing waters  to  such  depth  that  the  impounded  waters  would  be  drained 
off,  when  stream  lines  would  be  laid  out  on  such  newly  uncovered  lands. 

The  Tippecanoe  river  between  the  abrupt  bend  on  the  northeast  comer 
of  Pulaski  County  and  Monticello  in  White  County,  with  its  tributaries, 
furnishes  a  fine  example  of  extremely  young  drainage.  This  section  of  the 
river  evidently  traverses  the  bed  of  a  former  temporary  lake  which  was 
held  in  by  a  moraine  at  Monticello.  Evidence  of  this  lake  remains  in  the 
sand  ridges,  some  of  which  seem  to  be  beaches  and  others  dunes  numerous 
in  the  region.  The  sudden  change  in  the  width  a^d  depth  of  the  river  val- 
ley  above  Monticello  also  is  significant  of  such  a  Q^|i4lt|p^.  The  vaUey  at 
Monticello  is  almost  exactly  100  feet  deep,  an^  f^PfQ  OQfHfo^rth  to  one- 
half  mile  wide,  and  at  Buffalo  ten  miles  north  qf  J^pntief^l^o  t^e  ol^f^onel 
is  about  25  feet  deep  and  is  without  fioodplaii^  ojr  bluC^B.  In  brlff,  the 
channel  is  Just  cut  deep  and  wide  enough  barely  \q  carry  the  Qood  Vftters. 
The  trusses  of  the  highway  bridges  crossing  the  ^^ver  in  Pulaaki  Goynty 
can  be  seen  miles  away  across  the  level  prairie,  f^f^  bridge  floor  at  ^Ina- 
mac  is  level  with  the  streets  of  the  town.  The  ^^ver  has  a  steep  i)ppe 
through  this  part  of  its  course,  the  fall  from  Wini^mac  to  Monticello  be|];ig 
not  less  than  100  feet  in  thirty  miles. 

The  tributaries  to  the  main  stream  in  this  regiQ^  are  example  of  g^ll 
younger  drainage.  In  following  the  road  from  Monticello  to  l^iiffi^lo  the 
way  is  over  level  country,  except  that  where  streams  making  their  way 
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west  to  tbe  river  are  crossed,  the  road  descends  ten  or  fifteen  feet  to  the 
bridge  crossing  the  stream^  then  rises  by  the  same  distance  to  tlie  level 
plain  again. 


The  Drainage  of  Pulaski  and  White  Counties,  Indiana. 
Persons  going  to  Headlee,  Pulaski  or  Winamac  (see  map)  often  turn 
east  a  short  distance  north  of  Monticello  and  going  about  three  miles  they 


343 

turn  north  again,  following  tlie  range  line  road.  (Between  K.  2  and  R.  3 
W.)  This  road  is  much  mure  level.  The  streams  crossed  in  small  valleys 
on  the  west  or  river  road  have  no  valleys  w^here  crossed  by  the  range  line 
road.  Formerly  they  existed  as  broad  sloughs  or  strips  of  marsh  land, 
and  where  cros.sed  stretches  of  corduroj*  road  were  used  to  enable  teams 
and  vehicles  to  cross  without  miring.  S<*arcely  the  beginning  of  a  channel 
could  be  discovered  threading  its  way  through  the  lowest  part  of  the  marsh 
or  slough.  The  drainage  was  by  over  wash  or  sheet  streams  spreading  out 
many  rods  in  width  and  slowly  creeping  away  to  the  river.  Within  the  last 
mile  or  two  of  their  course  the  channel  became  gradually  deeper  and  wider 
and  the  stream  sped  freely  down  a  steeper  sloi)e  into  the  river.  These 
sheet  streams  are  good  examples  of  the  primary  drainage  or  runaff.  They 
were  interrupted  frequently  by  ponds  and  broader  widths  of  marsh,  keeping 
large  areas  so  wet  as  to  make  cultivation  imi)ossible — the  land  furnishing 
a  poor  quality  of  pasturage. 

Within  the  last  few  years  man  has  done  by  machinery  what  nature 
has  not  done  and  could  not  do  in  thousands  of  years.  Starting  at  the  head 
of  the  sloughs  fifteen  to  twenty  miles  from  the  river  steam  dredges  have 
been  used  to  dig  channels  for  these  over  wash  waters  and  practically  everj' 
slough  on  both  sides  of  the  river  in  all  this  region  has  been  furnished  a 
channel  ample  for  its  drainage. 

Pike  Creek,  Keen's  Creek,  the  Carnahan  Ditch,  the  Ackerman  Ditch 
and  Indian  Creek  on  the  east  side  of  the  river,  and  the  Monon  Creeks, 
Honey  Creek  and  others  on  the  west  side,  furnish  examples  of  infant 
drainage  aged  by  the  aid  of  man  in  pushing  forward  the  work  the  waters 
were  so  tardily  doing. 


345 


A  Paired  Entoplastron  in  Trionyx  and  its  Significance.' 


By  II.  H.  Lane. 


There  i8  no  order  of  reptiles  more  distinctly  circum8cril>ed  than  the 
Testudinata.  EJven  the  fossil  remains  cast  little  if  any  light  upon  their 
affinities.  That  they  are  a  highly  specialized  group  need  not  be  argued. 
Any  point,  therefore,  which  gives  an  indication  of  what  may  l>e  considered 
to  have  been  a  primitive  condition  in  the  order,  is  of  extreme  interest  and 
value. 

Moreover,  there  has  been  much  discussion  ns  to  the  relative  rank  of 
the  various  suborders  and  families  comprised  in  this  order.  A  group 
concerning  which  there  is  much  diversity  of  opinion  is  that  now  generally 
regarded  as  constituting  a  suborder,  the  Trionychia.  Some  have  seen  in 
their  so-called  "soft-shelled"  condition,  evidence  of  extreme  specialization, 
and  have  therefore  assigned  them  to  a  very  high  position  in  the  order. 
Thus,  Gadow  (Cam.  Nat.  Hist.,  vol.  viii,  p.  406)  asserts  that  "It  is  not 
open  to  much  doubt  that  the  characteristic  features  of  the  Trionychoidea 
are  not  primitive  but  secondary.  This  is  indicated  by  the  whole  structure 
and  behavior  of  the  carapace  and  plastron.  The  softening  of  the  whole 
shell,  the  loss  of  the  horny  shields,  the  reduction  of  the  claws,  are  the 
direct  and  almost  unavoidable  results  of  life  in  muddy  waters."  Other 
authorities  take  exactly  the  oi)posite  view,  and  from  the  same  facts  reach 
the  conclusion  that  "the  Trionychidte  stand  nearest  to  the  general  struc- 
tural plan  of  the  Reptilia"  (Adolph  Th.  Stoflfert.  Structure  and  Develop- 
ment of  the  Shell  of  Emyda  ceylonensis,  Gray). 

On  account  of  this  difference  of  opinion  the  writer  has  undertaken  a 
study  of  the  embryonic  development  of  Trionyx  with  the  view,  first,  of 
determining,  if  possible,  the  relative  position  of  the  Trionychia  among  the 
Testudinata,  and,  second y  if  it  should  prove  to  be  a  comparatively  general- 
ized type,  to  secure  some  hint  as  to  the  reptilian  form  from  which  the 
ehelonian  ancestry  may  have  been  derived.  I  present  in  this  paper  only 
one  phase  of  the  evidence  furnished  by  the  plastron,  relative  to  the  first  of 
these  two  problems,  although  my  material  sheds  some  light  upon  both. 


*  (Contribution  No.  5,  from  the  Department  of  Zoology  and  Embryology,  State 
University  of  Oklahoma.) 
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No  other  terrestrial  or  freshwater  tortoises  jmssess  so  siiuiile  and  per- 
haps so  primitive  a  type  of  plastron  as  that  found  in  tlie  Trionychia.  In 
the  adult  Trionyx  (Aspidonectcs)  spinifn\  tlie  plastron  (Fig.  1)  is  com- 
posed of  nine  elements,  four  paired  and  one  unpaired,  separated  to  a 
greater  or  less  extent  at  first  hy  three,  and  later  sometimes  by  only  two. 
large  fontanelles.  Different  authors  have  proi)osed  different  theories  rela- 
tive to  the  homologies  of  these  plastral  hones,  and  along  with  these  theories 
there  has  arisen  a  complex  terminology.  Each  author  has  sought  to  give 
permanency  to  his  own  hyi)othesis  by  assigning  to  the  plastral  elements 
names  indicative  of  his  view.  Thus  the  uni>aired  element  is  designated  by 
G.  St.  Hilaire,  Owen,  Ruetimeyer,  and  others,  who  regard  the  plastron  as 
the  homologue  of  the  amniote  sternum,  as  the  "ento-sternar* ;  Parker  calls 
it  the  "inter-thoracic  plate*';  while  Huxley  gives  it  the  noncommittal 
name  of  "ento-plastron,"  in  which  he  is  followed  by  most  later  writers. 
The  four  paired  elements  of  the  i)lastron  have  not  fared  any  better.  Thus, 
O.  St.  Hilaire,  Owen  and  Ruetimeyer  designate  them  as  "epi sternal,*' 
"hyosternal,"  "hyposternal,"  and  "xiphisternal."  respectively;  Parker,  as 
usual,  has  his  own  set  of  terms,  and  calls  them  "praethoracic,"  "post- 
thoracic,"  "praeabdominal."  and  "abdominal"  i)lates;  while  Huxley  gives 
them  the  names  of  "epiplastron,"  "hyoplastron."  "hypolastron,"  and  "xiphl- 
plastron."  In  the  present  state  of  our  knowledge  it  is  best,  perhaps,  to 
use  Huxley's  terms,  since  they  commit  one  to  no  special  theory  regarding 
the  homologies  of  the  elements  to  which  they  apply. 

Among  the  various  attempts  that  have  been  made  to  homologize  the 
plastral  plates  with  certain  skeletal  elements  of  other  amniotes,  one  of 
the  earliest  was  that  of  Cuvier  (Regno  animal,  Les  Reptiles,  p.  10),  who 
identifies  them  with  the  sternum  of  the  Lacertilia  aiid  higher  vertebrates. 
G.  St.  HUaire  (Philosophic  anatomique,  vol.  i.  p.  1(X>)  makes  a  detaileil 
comparison  between  the  several  parts  of  the  plastron  and  the  osseous 
pieces  of  the  avian  sternum.  Cams  (Von  den  Ur-Teilen  des  Knochen-  mid 
Schalengeruestes,  1S2S),  and  Peters  (Observationes  ad  Anatomiam  Chelo- 
niorum,  Berolini,  1S88),  maintain  that  it  is  only  partially  eciuivalent  to  the 
sternum.  Owen  (On  the  development  and  homologies  of  the  carapace  and 
plastron  of  the  Chelonian  Reptiles,  Phil.  Trans.  London,  1849),  advances 
the  idea  that  the  paired  plates  correspond  to  haemapophyses  of  the  ribs. 
Rathke  (Ueber  die  Ent\vickelung  der  Schildkroten.  Braunschweig,  1848), 
holds  the  plastron  to  be  wholly  dermal  in  origin  and  hence  a  structure  not 
to  be  homologized  with  the  endostkeletal  elements  of  other  groups.     Many 
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of  the  more  recent  authorities,  beginning  with  W.  K.  Parker  (Structure 
and  development  of  the  shoulder  girdle  and  sternum  in  the  vertebrata, 
London,  1868),  and  Huxley  (The  Elements  of  Comparative  Anatomy,  Lon- 
don, 18(54),  consider  the  epiplastra  and  the  entoplastron  to  be  the  homo- 
logues  of  the  clavicles  and  Interclavicle  respectively,  of  other  reptiles. 

In  form  the  entoplastron  is  quite  as  variable  among  the  Testudinata 
generally,  as  are  the  paired  elements  associated  with  It.  It  is  perhaps 
most  frequently  T-shaped  or  roughly  triangular,  with  the  apex  of  the  tri- 
angle directed  caudad.  In  Tt-ionyx,  however,  it  has  an  entirely  different 
configuration,  being  in  the  form  of  a  wide  V  with  the  apex  or  point  di- 
rected cephalad  (Fig.  1). 

The  other  elements  of  the  plastron  have  outlines  and  relationships 
characteristic  of  the  family  and  can  be  easily  identified  by  reference  to  the 
figure  (Fig.  1),  wherein  the  epiplastra  (epi)  are  shown  immediately 
cephalad  of  the  entoplastron  (ento),  while  the  hyoplastra  (hyo),  hypo- 
plastra  (hyi)o),  and  xiphiplastra  (xlph),  lie  caudad  to  that  element  in  the 
order  given. 

In  a  Trionyx  embryo  with  a  carapace  length  of  14  mm.,  the  elements 
of  the  plastron  are  all  definitely  laid  down  (Fig.  2).  The  nuchal  plate 
of  the  carapace  is  a  well  marked  and  clearly  defined  dermal  bone 
having  as  yet  no  connection  with  a  vertebra.  The  ribs  are  fully 
laid  down  in  airtilage,  but  there  are  no  traces  of  costal  plates,  and 
neurals,  likewise,  are  not  present.  The  plastral  elements  are  not  only 
all  present  but  they  are  also  all  paired.  They  are  not  preformed  In  carti- 
lage but  consist  entirely  of  ossifications  within  the  dermis.  In  shape  and 
size  they  are  clearly  defined.  As  shown  in  the  figure  (Fig.  2)  they  form  a 
series  of  five  pairs  of  more  or  less  rod-like  structures,  which  are  not  in 
c*ontact  with  one  another,  as  is  the  case  in  the  adult  (Fig.  1),  but  on  the 
contrary  they  are  separated  by  comparatively  large  spaces  in  which  the 
tissue  of  the  dermis  is  clearly  mesenchymatous  and  shows  no  trace  of  ossi- 
fication. The  position  of  the  five  pairs  in  two  longitudinal  rows  and  their 
absolutely  similar  origin  as  entirely  dermal  ossifications  make  it  certain 
that,  whatever  their  homology  to  structures  in  other  forms  may  be,  they 
must  all  be  interpreted  as  serial  homologues  of  each  other.  While  it  is 
agreed  that  the  hyoplastra,  hypoplastra,  and  xiphiplastra  are  the  homo- 
logues of  the  abdominal  ribs  found  in  the  Crocodile  and  Rhynchocephalia, 
the  epiplastra  and  entoplastron  are  pretty  generally  regarded  as  represent- 
ing the  clavicles  and  interclavicle  of  other  reptiles. 


Fig.  2 
EXPLANATION  OF  THE  FKiHREa. 

Figure  1   ahowB  tbe  (onn  and  arrangemenl  of  the   plaslral   elements   Ireducrd  in 

size)   of  ID  adult  Trinnyx  ipinifer,  epi.,  tplplattron ;  eoto.,   enloptastron :  hyo., 

hi/oplailron  J  hypo..  AvpopIOBtron;  ilph..  nipliiplailron. 
Figure  2  l8  a  graphic  rpproducrtoD.  DiagalOed  ten  llmpH.  ol  the  plastral  elemeuls  Id 

pmhryo  Trionyt  tplnljr.r  with  a  carapace  length  of   14   mm.      amb..   umWIicii*  ,- 

put.,  paired  enfoplattra. 
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Accepting  merely  for  the  moment  the  correctness  of  this  homology,  it 
is  Interesting  to  note  how  very  rarely  a  paired  interclavicle  has  been  found 
in  reptiles.  So  far  as  I  have  been  able  to  discover  Parker  is  the  only  one 
heretofore  to  report  such  an  observation,  and  In  his  monograph  on  the 
structure  and  development  of  the  shoulder  girdle  and  sternum,  cited 
above,  descril)es  the  interclavicle  of  Anguis  as  developing  from  paired  ele- 
ments and  says: 

**Above  the  Ganoid  Fishes,  this  is  the  only  instance  1  can  give  at 
present  of  the  primordial  symmetry  of  the  interclavicle;  but  a  careful 
study  of  the  development  of  this  bone  in  embryo  lizards  would,  very  prob- 
ably, show  it  to  be  not  at  all  rare"  (p.  99). 

Eixamining  the  question  of  the  homologies  of  the  plastral  elements  a 
little  more  closely,  however,  one  is  led  to  doubt  Huxley  and  Parker's  iden- 
tification of  the  epiplastra  and  entoplastron  as  clavicles  and  interclavicle 
respectively.  In  all  other  reptiles  so  far  as  known  the  clavicle  is  laid  down, 
at  least  partially,  in  cartilage  and  in  close  connection  with  the  other  ele- 
ments of  the  shoulder  girdle.  Even  in  the  mammals,  while  its  origin  is 
still  a  matter  for  further  investigation,  it  is  definitely  established  that  a 
IK)rtion  at  least  of  the  clavicle  is  preformed  in  cartilage.  In  Trionyx,  as 
in  other  of  the  Testudinata,  the  epiplastra,  on  the  contrary,  develop  en- 
tirely without  connection  with  the  shoulder  girdle,  entirely  outside  the 
muscular  layer  of  the  body  wail  and  within  the  much  thickened  dermis. 
They,  in  company  with  ail  the  other  plastral  elements,  are  wholly  without 
a  cartilaginous  preformation,  and  develop  as  direct  ossifications  in  the 
dermal  mesenchyme.  Without  further  evidence  it  is  very  difficult  to  ac- 
cept the  view  that  the  epiplastra  are  the  testudinate  homologues  of  the 
clavicles  and  the  same  arguments  hold  in  regard  to  the  identification  of 
the  entoplastron  with  the  interclavicle.  As  is  shown  in  this  paper,  the 
entoplastron  in  Trionyx  is  at  first  a  pair  of  elements,  so  that  there  is  noth- 
ing to  prevent  the  interpretation  of  the  entire  series  of  plastral  bones  as 
the  homologues  of  the  so-called  abdominal  ribs  so  well  known  In  Sphenodon 
and  the  Crocodilia. 

Recurring  to  the  <iuestion  of  the  relative  rank  of  the  Trlonychia  among 
the  Testudinata,  the  paired  condition  of  the  entoplastron,  as  It  exists  in 
this  embryo  (Fig.  2,  ent)  Is  especially  important  and  instructive.  As 
Rathke  first  pointed  out,  the  entoplastron  Is  wanting  in  Sphargis,  perhaps 
on  the  whole  the  most  specialized  of  all  the  Testudinata.  It  Is  reported 
by  Stannlus   (Handbuch  der  Anatomle  der  Wlrl>eltiere,  1854)   as  absent 
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also  in  Staurot.Mius,  while  L.  Agassiz  (Contributions  to  the  Nat.  Hist,  of 
the  U.  S.  A.,  vol.  I,  p.  2(>7)  states  that  it  disappears  in  old  specimens  of 
other  Cinosternidte.  With  these  exceptions  the  entoplastron  occurs  as  a 
single  median  bone  in  all  known  species  of  turtles  and  tortoises  both  liv- 
ing and  fossil,  save  where  in  some  of  the  latter  the  fragments  are  too 
meagre  to  i)ermit  its  presence  or  absence  being  positively  determined.  It 
is  therefore  phylogenetically  a  very  old  element  in  the  testudinate  skeleton, 
and  was  probably,  in  some  form  or  other,  a  direct  inheritance  from  the 
more  generalized  reptilian  stwk  from  which  this  order  arose. 

It  follows,  therefore,  that  we  have  in  the  paired  entoplastron  of  the 
embryo  Trwnyj',  a  very  primitive  character,  so  primitive,  indeed,  that  it 
occurs  nowhere  in  the  adult  of  any  known  species  of  Testudinata  either 
living  or  fossil.  It  is  therefore  an  indication  that  Trionyx  is  to  be  re- 
garded as  more  primitive  than  any  other  known  genus  of  the  order.  Were 
this  the  only  evidence  of  primitiveness  known  to  occur  in  Trionyx,  one 
would  not,  perhaps,  be  justified  in  making  so  broad  an  assertion.  But  a 
considerable  amount  of  corroborative  evidence  is  also  at  hand.  Thus  in 
Trionyx,  tlie  atlas  is  temnosiK>ndylous,  i.  e..  its  three  constituent  parts, 
tlie  neural  arch,  the  centnim,  and  the  intercentrum,  are  not  ankylosed  but 
remain  loosely  connected,  there  is  no  odontoid  process  on  the  second  ver- 
tebra, the  first  centrum  being  freely  movable  on  the  second;  the  pubic 
and  ischiadic  symphyses  are  broad  and  are  connected  with  each  other  by 
a  longitudinal  cartilaginous  band,  which  is  replaced  in  other  testudinates. 
except  Vhvlouey  by  a  broad  completely  ossified  plate  (Gadow).  In  the 
young  of  all  tortoises,  but  in  the  adult  only  in  the  Chelonidie  and  Tri- 
onychida?,  the  plastral  plates  are  separated  by  large  fontanelles  (Fig.  1,  f). 
And  finally,  as  reimrted  by  Wiedersheim  (Vergl.  Anat.  der  Wirbelthlere, 
5.  Auflage,  1902)  teeth  rudlmcmts  also  occur  In  the  embryo  of  Trionyx  and 
nowhere  else  among  the  Testudinata.  1  have  not  been  able  so  far  to  cor- 
roborate this  observation,  but  it  is  certainly,  if  correct,  a  most  important 

argument  in  favor  of  the  view  herein  set  forth. 

This  conclusion  regarding  tlie  Trionychia  is  not  invalidated  by  certain 
secondary  specializations,  such  as  the  flatness  of  the  body  and  the  webbed 
feet,  all  clearly  adaptations  to  an  aqiiatic  habitat.  However,  these  adapta- 
tions do  show  that  THonyx  is  in  no  sense  directly  ancestral  to  the  other 
Testudinata ;  the  Trionychia  are  to  be  regarded  as  an  early  offshoot  of  the 
main  stem,  which  has  retained  certain  of  its  primitive  characters. 

State  University  of  Oklahoma. 
Norman,  Oklahoma. 
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Notes  on  Pabasites  Found  in  Frogs  in  the  Vicinity  of 

St.  Paul,  Minn. 


By  H.  L.  Osborn. 


(Abstract.) 

Our  knowledge  of  the  parasites  of  even  the  commonest  animals  is  very 
incomplete.  Examinations  of  all  the  organs  and  at  all  seasons  of  the  year 
and  extended  over  a  period  of  several  years  have  never  been  made  except, 
|)088lbly,  for  a  few  of  the  domesticated  animals  where  the  information 
possessed  an  evident  and  immediate  utilitarian  bearing.  Such  studies  of  a 
number  of  common  and  abundant  animals  are  much  to  be  desired.  If  a 
body  of  such  information  were  available  it  would  be  of  great  service  to 
students  of  the  trematodes  and  very  likely  make  it  possible  to  complete 
many  life  histories,  only  fragments  of  which  are  known  at  the  present 
time.  The  present  paper  is  a  first  step  in  an  attempt  to  do  this  with  refer- 
ence to  the  common  frogs  in  the  neighborhood  of  St.  Paul.  Twenty-one 
frogs  were  examined  in  June,  seven  in  September  and  nine  in  November. 
These  numbers  are  found  to  be  too  small  for  anything  but  a  preliminary 
survey  of  the  ground  and  larger  numbers  will  be  examined  next  year. 
The  walls  of  the  coelom,  particularly  in  the  dorsal  and  anterior  regions, 
are  infected  by  nearly  mature  encysted  individuals  of  Clinostomutn  mar- 
ginatum,  Rud.  This  form  has  been  reported  hitherto  only  from  fish  and 
fish-eating  birds.  The  pericardial  cavity,  especially  in  frogs  during  June, 
was  found  to  contiiin  oval  cysts,  sometimes  grouped  in  masses,  each  cyst 
containing  a  distome  so  immature  that  its  generic  afllnities  cannot  be  de- 
termined from  the  data  furnished  by  a  study  of  its  structure.  It  may 
turn  out  to  be  a  missing  early  stage  of  some  trematode  whose  later  stages 
are  already  known.  The  urinary  bladder  in  a  considerable  fraction  of  the 
frogs  examined  harbors  a  species  mucli  like,  if  it  is  not  identical  with, 
the  Qi)rgoded<i  attenuata  which  Stafford  has  described  from  a  similar  loca- 
tion in  the  frogs  of  Canada.  A  member  of  the  Amphistomidje  occurs  occa- 
sionally in  tlie  urinary  bladder  but  is  more  characteristically  a  parasite 
of  the  rectum,  where  it  is  found  at  all  seasons.  In  one  instance  Ccphalo- 
gonimus  was  found  in  the  rectum  and  small  intestines.     In  a  few  cases  a 


352 

cestode  was  found  in  the  small  Intestine,  also  In  the  coelomic  cavity  be- 
side the  small  intestines  and  in  cysts  on  the  surface  of  the  liver.  The 
lungs  contain  Diatomum  lanccolatum  in  a  large  percentage  of  cases  and  a 
nematode  also  In  many  Instances. 

Hamline  University, 
St.  Paul,  Minn. 
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The  Mocking-bird  at  Moores  Hill,  Ind. 


By  a.  J.  BiQNEY. 

The  purpose  of  this  brief  article  is  to  show  how  this  bird  acts  on  en- 
tering a  new  community,  and  to  give  evidence  of  its  enlarging  field  of 
activity. 

In  Mr.  Butler's  catalogue  of  the  Birds  of  Indiana  *  In  189T,  they  were 
reported  In  twelve  counties  in  small  numbers.  In  recent  years  .they  are 
migrating  in  large  numbers  into  the  counties  of  southern  Indiana.  In 
1905,  about  April  1st,  the  first  mocking-bird  was  se^  In  the  outskirts  of 
Moores  Hill.  It  was  rather  shy,  but  made  its  whereabouts  known  by  its 
incessant  singing,  not  only  in  the  daytime,  but  also  during  most  of  the 
night.  Such  singing  had  never  been  heard  by  our  citizens.  It  continued 
this  behavior  for  about  ten  days,  then  left  the  community.  The  next  sea- 
son a  pair  returned  to  the  same  place  and  the  air  was  again  filled  with 
their  music.  Their  usual  imitation  of  the  notes  of  other  birds  was  a 
marked  characteristic.  This  season  they  nested  in  the  honeysuckle  vine 
alongside  a  neighbor's  house.  They  remained  until  late  in  the  fall  and 
then  migrated  southward.  During  this  season  one  other  pair  was  seen 
about  two  miles  from  town. 

The  following  season  several  pairs  were  seen  in  and  about  town.  The 
last  two  seasons  the  numbers  have  gradually  increased,  so  that  now  they 
<*onstitute  one  of  our  regular  bird  inhabitants. 

The  (luestion  naturally  comes  up,  why  have  they  l)egim  their  rai»ld 
advance  Into  the  north  during  the  past  few  years?  I  can  not  answer  this 
question.  I  have  heard  that  a  kind  of  ant  is  troubling  them  in  their  nest- 
ing and  so  they  migrate  to  get  rid  of  them.  If  any  positive  inforuiatiou 
can  be  given,  I  should  be  glad  to  know  of  It. 

Moores  Hill  College, 
Moores  TIlll,  Ind. 

'  AmoB  VV.  Butler.  The  Birds  of  Indiana.  Twenty-second  .Annual  Report  of 
the  Department  of  Geology  and  Natural  Resources  of  Indiana,  1897. 
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Observations  on  Woodpeckers. 


By  John  T.  Campbell. 

In  May,  1883,  I  was  surveying  to  build  a  levee  along  the  east  side 
of  the  Wabash  River  in  Parke  (bounty,  Indiana,  from  the  mouth  of  Big 
Raccoon  Creek  southward  to  within  a  mile  of  the  south  boundary  of  the 
county — twelve  miles  long.  Near  the  south  end  of  this  levee  was  a  wide 
bottom,  in  which  I  had  surveyed  before  it  was  cleared.  Joseph  J.  Daniels, 
of  Rockvllle,  Indiana,  bought  this  land,  cut  out  the  saw  timber  and  dead- 
ened the  remainder.  In  the  spring  of  18S2,  these  deadened  trees  had  de- 
cayed enough  for  the  woodi)ecker8  to  bore  holes  for  their  nests.  There 
were  easily  one  thousand  such  trees  on  this  seven  hundred  acres.  Each 
tree  had  from  three  to  twenty  woodpecker  holes.  The  marks  of  the 
great  flood  of  1883,  in  February,  were  very  plain  and  could  be  recognized 
several  years  later.  Of  all  those,  probably  ten  thousand  holes,  not  one 
was  below  tlie  flood  mark  of  the  water  of  IHS.*].  On  the  east  side  of  the 
bottom  the  ground  was  very  low,  which  made  the  flood  marks  about  twenty 
feet  above  ground.  The  flood  was  twenty-eight  feet  above  summer  low 
water.  Out  west,  near  the  river,  the  bottom  was  high,  and  the  flood  marks 
only  about  eight  feet  above  the  ground.  Some  of  the  holes  were  within  two 
feet,  but  al)ove  the  flood  mark.  The  next  year  many  holes  were  made  be- 
low the  flood  mark,  but  whether  tliey  were  kept  above  the  top  of  the  next 
and  smaller  flood,  I  did  not  think  to  notice.  I  ran  the  level  over  the  land 
to  grade  it  for  assessment,  and  had  a  good  opportunity  to  observe  the 
holes.     What  is  the  explanation? 

Lafayette,  Ind. 
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Observations  on  Cerebral  Localization. 


By  James  Rollin  Slonakeb. 


Ever  since  Hitzig*  In  1870  sent  a  voltaic  current  tlirough  the  brain  of 
a  wounded  soldier  and  noticed  a  certain  movement  of  tlie  eyes,  numerous 
inve8tigatoi*s  liave  been  busy  furthering  our  Icuowledge  of  cerebral  locali- 
zation. 

Fritsch  and  Ilitzlg  followed  this  discovery  with  many  experiments  on 
j^  the  cerebral  hemispheres  of  the  dog  and  noticed  that  stimulation  of  certain 

areas  produced  definite  muscular  movements  on  the  opposite  side  of  the 
body. 

These  experiments  started  many  other  investigators,  among  whom 
may  be  mentioned  Ferrier,'  Munk,*  Ilorsley  and  Schafer,*  Ileidenhain,*  and 
Beevor  and  Horsley.**  The  results  of  these  and  many  later  investigations 
have  formed  the  basis  of  an  exact  cortical  localization  in  the  brain  of  man. 

Numerous  surgical  operations  and  pathological  observations  have  added 
to  our  fund  of  knowledge,  so  that  now  the  cortical  areas  governing  certain 
movements  in  man  are  quite  definitely  known.  However,  each  new  case 
will  further  prove  and  assist  in  making  the  localized  areas  in  man  more 
definite.  With  this  in  view  I  present  the  following  data  which  I  have 
gathered  from  the  subject: 

Mr.  Ralph  R.  Laxton  of  Atlanta,  Ga.,  met  with  an  accident  which 
fractured  the  skuil  near  the  median  line  in  the  Rolandic  region.  A  por- 
tion of  the  bone  was  removed  to  relieve  the  pressure  on  the  brain.  As  life 
was  despaired  of  no  metal  plate  was  introduced,  but  the  scalp  simply 
closed  over.  The  wound  healed  and  the  subject  finally  recovered.  The 
external  condition  of  the  wound  after  recovery  is  that  there  is  a  more  or 
less  circular  depression  about  one  and  a  half  inches  across,  due  to  the 


'  Uitzlg,    Reichert  u.   Du   Bols-Reymond's  Arcliiv.,   1870. 

2  Ferrier,  Tlie  Functions  of  the  Brain,  London,  1886. 

3  Munk,  Die  Functionen  der  (jrosshlrnrinde,  Berlin,   1877-1880. 

*  Horsley  and  Schafer,  On  the  Functions  of  the  Marginal  Convolution,  Pro- 
ceedings of  the  Royal  Society,  No.  2.31,  March,  1884.  Ilorsley,  British  Medical 
Journal,  Vol.  11,  1884. 

•^  Ileldenhain,  Pflliger's  Archly  f.  Physiologle,  1881. 

«  Beevor  and  Horsley,  A  Record  of  the  Results  Obtained  by  Electrical  Excitation 
of  the  so-called  Motor  Cortex  and  Internal  Capsule  In  an  Orang-Outang  (Simla 
satyrus),  Phil.  Trans.  Royal  Soc,  Vol.  181,  B,  1890. 
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absence  of  bone.    This  depression  lies  as  shown  in  Figures  1  and  2.    These 
figures  are  shadowgrai>Iis  rei)resentlng  tlie  side  and  bacli  views  respectively. 

Various  muscular  troubles  arose,  in- 
dicating a  disturbance  of  the  motor 
region  of  the  brain.  A  line  drawn 
outward,  downward  and  forward  at 
an  angle  of  71.5  degrees  with  the  me- 
dian line  and  starting  from  a  point 
(me-iialf  inch,  or  about  one  centimeter, 
heliind  a  point  midway  l)etween  the 
glabella  and  the  inion,  will  approxi- 
mately follow  the  central  fissure',  '. 
With  such  a  line  constructed  one  can 
quite  accurately  sketch  in  the  outline 
of  the  brain  and  its  principal  fis- 
sures. Such  a  sketch  is  shown  in  Fig- 
ure 3. 


FifiT.  1.    Sbadovvflrraph  showinir  location 
of  depressioD  as  seen  from  side. 


From  this  it  is  readily  seen  that 
the  depression  mostly  affects  the 
anterior  central  gyrus.  Also  by 
consulting  Fig.  2  it  is  observed  that 
the  depression  is  situated  almost 
wholly  on  the  left  side,  passing 
over  only  about  a  quarter  of  an 
inch  onto  the  right  side. 

The  schemes  representing  the  lo- 
calized areas  in  man  are  based  on 
the  results  of  observations  on  the 
monkey,  on  human  pathological 
data  and  on  experiments  on  man. 


FifiT.  2.    SbadowKraph  showing  position 
of  depression  us  seen  from  behind. 


How  Mr.  Laxton's  injury  confirms  our  present  knowledge  of  cerebral  local- 
ization in  man  is  shown  in  the  following  history  of  the  case,  a  part  of  which  I 
give  in  his  own  words: 

*'At  the  time  of  the  injury,  Nov.  25,  1892,  I  was  22^  years  of  age  and 

weighed  about  146  pounds.     My  height  was  about  5  feet  9  inches.     At  present 

I  weigh  160  pounds  and  measure  5  feet  10  inches  while  standing  on  my  left 

leg,  and  5  feet  9  inches  on  my  right. 

'  Deaver's  Anatomy,  Vol.  II,  p.  508. 

*  Reid,  The  Principal  Fissures  and  Convolutions  of  the  Cerebrum,  Lancet,  1884. 
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"In  perhaps  sixty  seconds  from  the  time  of  the  blow  I  was  conscious 
again,  but  I  do  not  remember  any  sensation  in  my  right  leg  at  the  time, 
except  that  it  was  very  cold.  I  did,  however,  observe  the  progi-ess  of 
paralysis  in  the  right  arm.  This  began  in  the  fingers  and  extended  gradu- 
ally up  the  arm.  For  some  time  after  I  was  operated  upon  I  was  unable 
to  find  the  way  to  my  mouth  with  a  glass  of  water.  This  paralysis  was. 
I  think,  due  to  extravasation  of  blood,  which  was  gradually  absorbed 
later,  as  I  have  for  more  than  twelve  years  been  doing  a  good  deal  of 
work  with  the  pen 
and  some  with  the 
telegraph  key.  I 
think  I  may  safely 
say  that  I  have  en- 
tirely recovered  the 
use  of  the  arm.  At 
times,  however,  I 
feel  the  character- 
istic dull  sensation 
in  the  muscles  of 
the  right  side  of 
the  ixxly  up  to  the 
shoulder,  and  even 
in  the  upper  arm 
itself.  Then,  again, 
the  sensation  is 
hardly  apparent 
above  the  waist 
line,  all  of  which 
tends  to  show  that 
the  area  of  depres- 
sion is  not  sharply 
defined." 

The  left  arm  was  broken  by  the  accident  so  he  was  imal)le  to  use  it, 
but  he  states  that  it  was  not  affected  by  the  paralysis. 

It  would  be  interesting  in  tliis  connection  to  know  if  the  change  in 
barometric  pressure  has  an^'  influence  on  the  location  of  this  dull  sensa- 
tion. Accurate  observations  in  tliis  resi)ect  are  lacking.  The  only  informa- 
tion Mr.  T^xton  can  give  on  this  point  is  as  follows:     "As  regards  bato- 


FifiT.  3.    SbowinfiT  depression  Id  relation  to  fissures 

of  the  brain. 
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metric  eflfects,  I  have  not  been  able  to  form  any  definite  idea,  though  I 
have  lived  for  ten  months  of  the  past  year  in  southern  Mississippi,  where 
my  office  was  just  seven  feet  above  the  level  of  the  Gulf  of  Mexico.  I  be- 
lieve, however,  that  if  the  humidity  of  the  atmosphere  and  the  general 
condition  of  my  system  were  exactly  the  same  In  both  localities,  I  would 
find  a  difference  between  the  sea  level  and  a  point  three  or  four  thousand 
feet  above  it.  I  have  not  had  an  opportunity  to  make  observations  In 
higher  altitudes,  but  know  that  I  am  capable  of  more  physical  exertion 
in  tlie  mountains  of  western  North  Carolina  than  in  the  low  country.  I 
was  on  Lookout  Mountain  a  few  weeks  ago,  making  the  trip  up  the  incline 
railway,  but  was  not  able  to  notice  any  change  In  feeling  due  to  the  rapid 
rise,  of  something  like  one  thousand  feet,  from  the  city  of  Chattanooga  to 
the  toi)  of  the  mountain.  Just  prior  to  a  sudden  change  from  dry  to  wet 
weather,  I  am  apt  to  suffer  from  pains  in  the  right  leg,  which  I  suppose 
are  akin  to  rheumatism.  As  soon  as  precipitation  begins  the  pains  cease. 
This  pain  is  most  marked  in  the  right  hip  joint." 

In  regard  to  stature,  as  has  already  been  stated,  he  stands  one  Inch 
higher  on  the  left  foot  than  on  the  right.  The  right  leg  also  measures  one 
Inch  less  in  circumference  than  the  left,  both  in  the  thigh  and  the  calf 
region.  The  muscles  of  the  right  leg,  especially  in  the  region  of  the  calf, 
are  less  firm  than  those  of  the  left.  These  conditions  did  not  prevail  be- 
fore the  accident.  There  Is  also  a  difference  in  the  development  of  the 
two  sides  of  the  chest,  which  condition  existed  to  a  certain  extent  before 
the  accident. 

Concerning  the  resulting  disturbances,  Mr.  Laxton  says: 
"There  is  a  certain  deficiency  of  sensation  in  the  right  leg  and  ab- 
normal refiex  action  occui*s.  There  is  also  an  apparent  deficiency  of  syno- 
vial fiuid.  There  is  almost  an  entire  lack  of  control  of  the  toes  of  tlie 
right  foot,  particularly  the  big  toe  (see  Figs.  4  and  5).  There  is  conse- 
quently a  lack  of  balance  in  walking  somewhat  related  to  that  observed  in 
people  who  have  lost  one  leg  and  use  an  artificial  one.  There  are  times 
when  1  feel  for  a  few  minutes  as  if  tlie  paralysis  were  entirely  gone,  but 
1  have  to  be  extremely  careful  not  to  feel  too  sure  of  myself  and  to  follow 
the  plan  of  not  attempting  a  full  length  step  with  the  right  foot.  The 
sensory  paralysis  extends  very  slightly  to  the  bottom  of  the  left  foot" 
(Fig.  4.) 

/'I  am  just  now  experiencing  considerable  local  Irritation,  the  scalp 
even  bewmiing,  at  times,  sore  on  the  outside.    There  are  times  when  the 
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Piff.  4.    Chart  illustrating  the  positions  of  affected  areas.    Df.  dull  feeling;  Vs 
very  sligrht:  S/sliffht;  Vm,  very  marked;  Mx.  maximum. 
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imder  side  of  the  sc*alp,  the  imint  of  adhesion,  has  a  feeling  very  similar 
to  that  of  a  vaccination  scar  just  before  the  scab  is  ready  to  come  oflf. 
Sometimes  when  I  run  my  hand  through  my  hair,  I  feel  a  slight  tremor  In 
the  nerves  of  the  calf  of  the  right  leg.  The  most  sensitive  part  which 
gives  rise  to  the  tremor  Is  the  anterior  edge  of  the  depression." 
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FiiT*  5.  Chart  showlDsr  the  position  of  affected  areas  in  the  riffht  leir  ftnd  foot  Vs. 
very  sligrht:  S.  sliffbt;  Vm,  very  marlced;  Mx,  maximum.  The  arrows  on  the 
bottom  of  the  foot  indicate  a  continued  but  increasing  disturbance. 

In  regard  to  the  mental  effect,  Mr.  Laxton  says: 

"There  is  no  doubt  that  such  an  injury,  so  long  as  mechanical  pressure 
continues,  has  at  least  a  reflex  bearing  upon  the  mind  itself,  so  that  one 
suffering  from  it  does  not  always  feel  like  api)lying  what  he  knows  directly 
to  the  work  in  hand.     If  you  will  wear  a  brick  fastened  to  your  head  con- 
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tinaally  for  a  term  of  years,  or  undertake  a  journey  of  indefinite  length  on 
foot  through  a  tunnel  not  quite  high  enough  to  stand  upright  in,  you  will 
get  an  idea  of  the  feeling/' 

In  Figs.  4  and  5  I  have  indicated  the  location  of  the  areas  affected  as 
described  to  me  by  Mr.  Laxton.  These  areas  range  from  a  "dull  sensation" 
to  **very  marked"  and  "maximum."  It  is  interesting  to  note  that  the  dis- 
turbance becomes  more  and  more  marked  toward  the  feet.  That  while 
there  is  a  great  disturbance  in  all  the  toes  of  the  right  foot,  this  disturb- 
ance increases  from  the  little  toe  and  the  center  of  the  bottom  of  the  foot 
to  the  hallux,  where  it  is  maximum. 

One  observes,  also,  that  with  the  exception  of  a  small  area  on  the 
bottom  of  the  left  foot,  which  is  very  slightly  affected,  the  disturbed  areas 
lie  wholly  on  the  right  side  of  the  body.  This  we  would  naturally  expect, 
as  the  greater  part  of  the  depression  is  on  the  left  side  of  the  median  line 
of  the  skull.  Since  the  depression  extends  slightly  across  to  the  right  of 
the  median  line,  we  would  expect  some  disturbance  on  the  left  side  of  the 
body.  The  slight  disturbance  on  the  bottom  of  the  left  foot  would  indicate 
that  the  portion  of  the  brain  close  to  the  median  line  controls  the  center 
of  the  foot.  We  would  expect  a  greater  disturbance  in  the  corresponding 
part  of  the  right  foot,  because  the  corresponding  area  of  the  brain  lies 
more  nearly  under  the  center  of  the  depression. 

We  may,  I  think,  reasonably  infer  that  the  region  of  greatest  dis- 
turbance is  controlled  by  that  part  of  the  brain  lying  under  the  center  of 
the  depression.  Therefore  the  motor  area  controlling  the  movements  of 
the  great  toe  would  lie  about  the  center  of  the  depression,  and  that  of  the 
small  toes  and  the  center  of  the  bottom  of  the  foot,  In  close  proximity. 
As  we  have  already  concluded  that  the  cortical  area  controlling  the  center 
of  the  bottom  of  the  foot  lies  adjacent  to  the  median  longitudinal  fissure, 
that  for  the  small  toes  would  be  farther  removed  from  this  region  than  the 
center  for  the  great  toe.  I  think  we  may  also  conclude  that  the  parts  less 
and  Jess  affected  are  controlled  by  portions  of  the  brain  lying  nearer  and 
nearer  the  margin  of  the  depression.  The  movement  of  the  hair  near  the 
anterior  margin  producing  a  tremor  in  the  calf  of  the  right  leg,  would  in- 
dicate that  the  motor  center  for  this  region  is  at  this  point. 

Since  all  the  muscles  of  a  given  region,  i.  e.,  thigh  or  calf  of  leg,  are 
not  equally  affected,  one  may  infer  that  different  muscles  of  the  same  re- 
gion may  have  somewhat  widely  separated  centers  of  control  in  the  cortex. 
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or  that  some  of  these  centers  may  be  more  deeply  seated  thau  others,  and 
for  this  reason  less  affected. 

From  the  foregoing,  I  think  the  following  conclusions  can  be  drawn : 

1.  If  we  have  made  no  mistake  in  locating  the  central  fissure  with 
reference  to  the  area  of  depression,  this  area  lies  mainly  over  the  anterior 
central  gyrus  of  the  left  side  and  extends  very  slightly  across  the  median 
longitudinal  fissure  to  the  corresponding  gyrus  of  the  right  side. 

2.  The  area  controlling  the  center  of  the  sole  of  each  foot  lies  in  the 
anterior  central  gyrus  at  the  margin  of  the  median  longitudinal  fissure. 

3.  The  area  controlling  the  hallux  lies  a  little  more  lateral,  i>erhaps 
one-half  inch,  from  the  margin  of  the  median  longitudinal  fissure. 

4.  The  area  controlling  the  other  toes  is  in  close  proximity  to  that 
of  the  great  toe.  It  may  be  anterior,  posterior  or  more  lateral  from  that 
of  the  great  toe.  Since  the  region  controlling  the  muscles  of  the  calf  lies 
anterior,  it  is  very  probable  that  it  is  more  laterally  situated.  This  ac- 
cords with  the  results  of  Beever  and  Horsley. 

5.  The  areas  controlling  the  muscles  of  the  calf  on  the  outside  and  on 
the  inside  of  the  leg,  the  thigh,  rump  and  scapular  regions  are  located  in 
the  order  named  at  greater  and  greater  distances  from  the  center  of  de- 
pression. I  have  no  doubt  that  the  scapular  region  (possibly  some  others, 
also)  is  only  indirectly  affected. 

6.  Though  the  data  are  not  quite  sufficient  to  indicate  accurately  the 
position  of  the  motor  centers  involved,  it  Is  very  probable  that  they  are 
arranged  laterally  along  the  anterior  central  gyrus  from  the  median  longi- 
tudinal fissure  in  the  following  order:  a.  Center  of  sole  of  foot  b. 
Center  for  great  toe.  c.  Small  toes.  d.  Calf  muscles  on  lateral  surface 
of  leg.  e.  Calf  muscles  on  mesial  side  of  leg.  f.  Thigh  muscles,  g. 
Rump  muscles,  h.  Scapular  muscles.  With  the  exception  of  the  first- 
named  area  this  arrangement  agrees  with  the  results  of  other  investiga- 
tions. 

Leland  Stanford  Junior  I'niversity, 
California. 
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The  Development  of  Insect  Galls  as  Illustrated  by  the 

Genus  Amphibolips. 


Mel  T.  Ck)OK. 


The  study  of  the  development  of  Insect  galls  Involves  more  complicat- 
ing factors  than  most  problems  of  evolution,  since  the  host  plant  Is  forced 
to  give  both  nourishment  and  protection  to  its  enemy.  The  result  of  this 
enforced  action  is  the  formation  of  a  structure  which  is  normal  for  the 
parasite  and  pathological  for  the  host.  The  histology  of  these  gall  struc- 
tures presents  some  very  interesting  questions  involving  the  point  of  stimu- 
lation, the  character  of  the  stimulation  and  the  evolutionary  lines  along 
which  the  various  species  of  galls  have  developed.  For  some  time  we  have 
recognized  that  the  point  of  stimulation  is  in  the  meristomatic  tissues,  and 
that  in  most  cases  the  stimulation  is  not  due  to  a  glandular  secretion  from 
the  parent  insect*  However,  there  appears  to  be  abundant  evidence  that 
in  most  cases  the  stimulation  comes  from  the  larva,  but  whether  mechani- 
cal or  chemical,  or  both,  or  the  former  in  some  8i)ecies  and  the  latter  in 
others,  is  a  practically  untouched  problem. 

In  1902  the  writer*  advanced  the  opinion  that  "the  morphological 
character  of  the  gall  depends  upon  the  genus  of  the  insect  producing  it. 
rather  than  upon  the  plant  upon  which  it  is  produced,  i.  e.,  galls  produced 
by  insects  of  a  particular  genus  show  great  similarity  of  structure,  even 
though  on  plants  widely  separated;  while  galls  on  a  particular  genus  of 
plants  and  produced  by  insects  of  different  genera  show  great  difference." 
Further  studies  along  this  line  have  convinced  the  writer  of  the  correct- 
ness of  this  view,  and  have  also  led  to  efforts  to  work  out  a  system  of 
classification  based  on  the  histological  character  of  the  galls  which  would 
be  correlated  with  the  classification  of  the  insects.  However,  the  comple- 
tion of  such  a  series  of  studies  is  largely  dependent  upon  a  more  satis< 
factory  knowledge  of  the  taxonomic  relatione 

While  it  is  true  that  the  histological  characters  of  the  galls  depend 
upon  the  insects  rather  than  upon  the  host  plants,  it  is  also  true  that  we 
find  certain  characters  common  to  all  groups.    The  first  step  In  the  forma-. 


^  Adler  &  Straton.    Oak  Qalls  and  Gall  Flies.    1894. 

•Galls  and  Insects  Producing  Them.    Ohio  Naturalists  ^:7^  p.  270.    1907. 
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tion  of  a  gall  is  (1)  the  excitation  of  growth  and  cell  division,  (2)  the 
failure  of  the  cells  of  the  affected  part  to  differentiate  into  the  character- 
istic tissues  of  that  part,  and  (3)  the  differentiation  -Into  characteristic 
tissues  of  the  gall.  We  also  recognize  certain  similar  lines  of  develop- 
ment in  what  we  now  consider  well-defined  genera.  The  explanation  of 
the  similarities  and  differences  in  these  lines  of  development  will  depend 
largely  upon  future  work  in  both  taxonomy  and  histology. 

It  is  the  purpose  of  this  paper  to  call  attention  to  certain  points  above 
referred  to  in  connection  with  the  genus  Amphiholips.  The  taxonomy  of 
the  insects  of  this  genera  have  been  very  thoroughly  studied  and  carefully 
described  and  arranged  by  Mr.  Wm.  Beutenmuller.*  The  writer  has  also 
studied  the  histology  of  several  of  the  galls. 

The  genus  AmphiboUps  belongs  to  the  family  Cynii)idefe,  is  quite  dis- 
tinct, and  stands  high  in  the  line  of  development.  As  previously  stated, 
the  galls  originate  as  a  result  of  stimulation  of  meristomatic  tissue,  re- 
sulting in  growth  and  cell  division.  This  is  followed  by  a  differentiation 
of  this  mass  of  cells  into  the  tissues  characteristic  of  tlie  galls.  In  the 
cynipidous  galls  we  have  the  four  distinct  tissue  zones  which  have  been 
referred  to  by  many  writers,  viz :  ( 1 )  the  epidermal  zone,  or  outside 
layer  of  cells,  (2)  the  parenchyma  zone,  which  may  be  quite  thick,  either 
dense  or  loose,  and  in  which  may  be  found  fibrous  tissue  radiating  from 
the  center  of  the  gall,  (3)  the  protective  zone,  comiM)sed  of  sclerenchyma 
tissue  and  varying  in  thickness  in  different  species  of  galls,  (4).  the  nutri- 
tive zone  of  parenchyma  cells,  rich  in  protoplasm  and  immediately  sur- 
rounding the  larval  chamber.  The  galls  belonging  to  this  genus  have  tlie 
four  well-defined  zones,  but  with  variation  in  the  parenchyma  and  pro- 
tective zones  by  which  they  may  be  subdivided  into  the  following  groups: 

Group  A. 

AmphihoUps  confluenSj  Harris. 

**  caroUniensis,  Basset t. 

*'  longicornis,  " 

"  (icuminata,  Ashmead. 


^Ttae  Species  of  AmphiboUps  and  their  Galls.     Bulletin  of  the  American   Mu< 
geum  of  N^turftl  History,  Vol,  XXVI.  Art.  VI,  pp,  4766,     1909. 
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Gboup  B. 

Amphiholips  inanis,  O.  S. 

iUcifoUw,  Bassett. 
Coeleba,  O.  S. 
cittiformis,  Ashmead. 
melanoceraj        " 
cinerea,  ** 

cooki,  Gillette. 
*•  iinctoria,  Ashmead. 

Gboup  C. 

Division  a, 

Amphiholips  spinosa,  Ashmead. 

globulus,  Beuteniiiiiller. 

Division  h. 

A  mph ihol ips  n u bilipcn n is.  Ha rri s. 
racemaha,  Ashmead. 


(* 


DifHsion  c. 

AtnphibolipH  prunus,  Walsh. 
"  gaincsi,  Bassett. 

fuligtnosn,  Ashmead. 
palmcrU  Bassett. 
trizonata,  Ashmead. 


The  writer  has  previously  made  studies  of  the  histology  of  A.  con- 
flucns.  A,  inanis.  A,  ilicifoUw,  A.  nubilipcnniSy  and  A.  prunus.  Taking  A. 
con/luens  as  a  type  of  the  group  A,  we  find  the  parenchyma  zone  very 
thick  and  composed  of  cells  which  when  mature  have  the  character  of  a 
mass  of  colored  cotton,  and  among  which  may  be  found  flbro-vascular 
bundles.  The  parenchyma  cells,  when  examined  under  the  microscope, 
are  found  to  be  unicellular,  long  and  threadlike.  The  protective  zone  is 
comparatively  thin.  The  nutritive  zone  is  prominent  only  In  the  youngs 
galls.  The  writer  has  not  had  an  opportunity  to  examine  the  other  three 
species  of  this  group,  but  from  the  taxonomic  discussion,  they  appear  to 
coincide  very  closely  with  A.  confluens. 

In  group  B  the  writer  has  studied  A.  inanis,  A.  ilidfoliw  and  A,  coe- 
lebSy  which,  judging  from  Beutenmuller's  description,  are  quite  typical  of 
the  group.  In  these  galls  the  parenchyma  zone  is  characterized  by  large 
intercellular  spaces.    A  part  of  the  parenchyma  cells  remain  attached  to 
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the  epidermal  zone,  another  part  to  the  protective  zone  and  some  to  the 
well-defined  fibro-vascular  bundles  which  radiate  from  the  central  body 
to  the  outer  part  of  the  gall.  These  fibro-vascular  bundles  are  in  general 
much  better  developed  than  in  the  galls  of  group  A.  The  protective  zone 
is  subject  to  considerable  variation  in  the  different  species;  It  is  quite 
prominent  in  A.  inanis  and  practically  absent  In  A.  coclehs.  The  nutritive 
zone,  as  In  the  first  group,  is  prominent  only  when  the  gall  is  young. 

In  group  C  the  writer  has  studied  .4.  nubilipennis  and  A.  prunus. 
This  group  may  be  readily  divided  into  three  sub-groups  as  indicate^l 
above.  The  species  of  sub-group  (a)  because  of  the  inner  radiating  and 
spongy  substance,  appear  to  be  intermediate  between  group  B  and  the  other 
species  of  group  C.  The  species  of  sub-group  (b)  are  more  succulent  than 
the  species  of  sub-group  (c). 

My  studies  of  A.  mihUipenniH  demonstrate  a  thick  parenchyma  zone  of 
large  succulent  cells  and  very  small  fibro-vascular  bundles  which  were 
most  numerous  near  the  surface  of  the  gall.  The  protective  zone  consisted 
of  a  few  layers  of  thin-walled  cells.  The  nutritive  zone  was  prominent  in 
the  young  galls  and  i)ersi8ted  quite  late. 

My  studies  of  A.  prunuft  demonstrated  a  very  thick  i)arenchyma  zone, 
much  firmer  and  drier  than  in  A.  nuhiUpcnniH,  and  In  which  were  very  few 
small,  fibro-vascular  bundles.  The  protective  zone  was  entirely  absent. 
The  nutritive  zone  well  develope<i  in  the  young  galls. 

In  general  it  will  be  noted  that  In  this  genus  we  have  (1)  the  galls 
originating  and  developing  in  the  normal  manner  which  results  In  the 
formation  of  the  four  zones;  (2)  the  variation  In  the  parenchyma  and 
protective  zones,  which  enables  the  nbove  division  and  sub-divisions;  (3) 
that  group  A  may  be  considered  the  most  highly  developed  and  sub-group 
c  of  group  C  the  lowest.  The  significance  of  this  line  of  development  can- 
not be  determined  until  we  know  more  about  other  genera  of  gall-makers 
and  their  galls.  However,  a  study  of  the  known  geographical  distribution 
of  the  species  of  this  genus  Is  Interesting  In  connection  with  this  study. 
In  group  A,  Amphiholips  confluens  is  very  widely  distributed  over  Canada, 
the  Eastern  States  south  to  C^eorgla,  and  west  to  Colorado,  while  the  other 
three  species  have  much  more  limited  ranges,  two  and  possibly  all 
three  within  the  range  of  the  first.  In  group  B  we  find  that  A.  inanis 
ranges  from  Canada  and  the  Eastern  States  west  to  Iowa  and  south  to 
North  Carolina;  A,  cooici  has  almost  the  &ame  range;  A,  Uicifoliw,  A, 
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coelel)s  and  A.  tinctoria  are  included  within  the  above  range;  and  A. 
citrifortnis,  A.  melanoeei^a  and  A.  cinerca  are  reported  from  Florida.  In 
group  C,  we  find  A,  nuMHpennis  very  widely  distributed  from  New  York 
west  to  Illinois  and  south  to  Pennsylvania,  A.  prunus  from  New  England 
west  to  Colorado  and  south  to  Georgia ;  A.  spinosa,  A.  raeemaria  In  Flor- 
ida, A.  fuliginoaa  In  Florida  and  Georgia,  A,  globnius  In  New  Jersey,  A. 
gaine§i  In  Texas,  A.  palmen  in  Mexico,  and  .4.  triazonaia  in  Arizona. 

Delaware  College. 
Newark,  Del. 
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Appabatus  for  Illustrating  Boyle's  Law. 


By  F.  M.  Andrews. 


The  nppnrntus  shown  In  Figure  1  Illustrates  not  only  Boyle's  or  Mari- 
otte*s  Law,  but  also  a  combination  of  attendant  phenomena  which  I  shall 
describe  presently:  Figure  1  is  about  one-fourth  the  true  size  of  the  ap- 
paratus. It  consists  of  an  ordinary  iron  ring-stand  E,  by  means  of  which 
the  various  glass  tubes  A,  B,  C,  and  D.  are  held  in  the  proper  position  by 
means  of  clamps  at  F.  At  the  base  Is  situated  a  Woulfe  bottle  G,  with 
which  A,  B,  C,  D,  and  E'  communicate.  The  bottle  G  is  about  one-third 
filled  with  a  concentrated  aqueous  solution  of  eosin.  This  solution  Is 
readily  visible  and  on  account  of  its  intense  red  color  is  also  seen  at  a  con- 
siderable distance  in  the  transparent  glass  tubes  A,  B,  and  C.  Such  an 
eosin  solution  has  the  additional  advantage  of  being  rather  permanent  in 
color,  for  in  two  years  the  solution  I  had  used  did  not  change  perceptibly, 
and  only  a  slight  reddish  brown  precipitate  was  visible.  It  Is  also  quite 
resistant  in  the  presence  of  HCl,  and  even  by  the  use  of  strong  HCl  a 
hea\'y  precipitate  results  which  is  almost  as  red  for  a  time  as  the  original 
solution.  The  glass  tubes  A,  B,  and  C  extend  below  the  surface  of  the 
eosin  solution,  while  D  merely  projects  through  the  rubber  cork  H.  The 
connection  of  all  the  glass  tubes  A,  B,  C,  I),  E',  and  L  are  made  air-tight  by 
means  of  the  rubber  corlcs  H,  and  the  latter  are  held  firmly  In  place  by 
ctH>l)er  wires  to  prevent  their  being  blown  out  of  the  pressure  generated  in 
I  and  G.  By  means  of  the  glass  tul>e  E'  the  large  glass  bottle  I  Is  con- 
nected with  G,  and  another  glass  tube  connects  I  with  the  water-tap,  air- 
pump  or  other  contrivance  for  generating  pressure.  If  the  apparatus  is 
connected  as  shown  In  the  figure  to  water  mains  carrying  a  high  pressure, 
and  If  then  we  open  the  valve  O,  the  water  will  be  forced  Into  I.  This  will 
of  course  cause  compression  of  the  air  in  1,  as  well  as  pressure  in  propor- 
tion to  the  amount  of  water  allowed  to  enter.  Since  G  is  connected  with 
1  by  E',  the  same  pressure  will  be  generated  In  G  as  in  I.  As  A,  B,  and  G 
project  below  the  surface  of  the  eosin  solution,  and  if  the  vaives  K  and  K' 
are  closed  and  the  water  continues  to  enter  I,  In  a  few  seconds  the  volume 
of  air  In  the  tube  C,  which  is  sealed  at  the  toj),  will  be  compressed  one- 
half  its  former  volume  by  the  eosin  solution  rising  one-half  the   insldo 
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length  of  the  tube  when  the  pressure  in  G  equals  one  atmosphere.  This 
Illustrates  Boyle's  Law  by  showing  that  the  volume  of  gas  in  C  varied  in- 
versely as  the  pressure  brought  to  bear  upon  it.  The  same  principle  would 
be  shown  in  A  and  B  under  similar  circumstances  if  K  and  K'  of  the  tul>es 
M  M',  which  are  fastened  to  A  and  B  by  means  of  rubber  tubing  held  by 
copper  fire  and  sealing-wax,  remained  closed. 

Again,  when  the  air  In  A,  B,  and  C  Is  compressed  one-half  its  volume 
by  a  pressure  of  one  atmosphere,  this  will  be  shown  by  the  manometer 
which  the  tube  D  forms.  This  tube  has  each  of  its  two  arms  filled  to  a 
height  of  forty  centimeters  with  mercury.  The  total  height  of  the  two 
columns  Is  therefore  equivalent  to  more  than  an  atmosphere.  When  the 
pressure  in  G  is  zero,  then  the  two  columns  of  mercury  X  and  Y  are  equal 
in  height.  When,  however,  the  pressure  in  G  is  equal  to  one  atmosphere, 
then  the  column  X  will  sink  and  column  Y  will  rise  till  the  difference  of 
their  heights  is  7G  cm.  Since,  in  estimating  accurately  the  height  of  a 
mercury  column  both  pressure  and  temperature  must  be  considered,  this 
may  be  done  by  the  usual  formula. 

When  it  is  desired  to  again  reduce  the  pressure  In  G  to  zero  and  allow 
the  water  in  I  to  escai)e,  this  may  be  done  by  closing  O,  opening  P,  and 
either  K  or  K',  or  both.  Unless  I  is  interposed  between  O  and  G,  water 
could  not  for  obvious  reasons  he  useii.  Air  could,  of  course,  be  forced  di- 
rectly Into  G. 

The  apparatus  can  also  be  used  to  show  that  the  height  to  which  a 
liquid  will  rise  in  a  tube  is  independent  of  its  diameter.  If  we  open  O 
then,  as  mentioned  above,  the  pressure  developed  In  1  and  G  will  cause  the 
eosin  solution  to  rise  with  ease  In  A  and  B  if  K  and  K'  are  left  open. 
When  the  eosin  solution  has  risen  to  S,  or  to  any  other  height  in  B,  whose 
internal  diameter  is  three  millimeters,  then  if  we  notice  A,  disregarding 
the  small  effect  of  capillarity  in  B,  the  column  of  liquid  will  stand  at  ex- 
actly the  same  height  in  A,  whose  internal  diameter  is  one  cm.,  as  In  B. 

If,  finally,  l)oth  A  and  B  are  rapidly  filled  with  the  eosin  solution  by 
quickly  and  strongly  generating  pressure  in  G,  then  it  will  be  seen  by 
carefully  timed  observations  that  the  liquid  in  A  will  rise  to  an  equilibrium 
of  the  pressure  in  G  somewhat  more  quickly  than  the  same  equilibrium 
will  be  attained  by  the  liquid  in  B,  due  to  the  greater  friction  produced  by 
the  smaller  tube  B.  For  the  same  reason  if  the  pressure  Is  rapidly  re- 
duced to  zero  by  opening  P,  the  eosin  solution  in  B  will  require  a  slightly 
longer  time  to  fall  from  a  point,  as  S,  and  reach  the  level  of  the  liquid 
In  G,  than  would  be  required  by  the  same  height  of  a  column  |r  A» 

^tate  University,  Bloomington,  Ind. 
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Some  Monstrosities  in  Plants. 


By  F.  M.  Andrews. 


In  the  proceedings  of  the  Indiana  Academy  of  Science  for  1905,  pages 
187  and  188,  I  have  mentioned  some  interesting  variations  which  I  noticed 
in  Trillium.  Since  that  time  I  have  been  favored  by  the  announcement 
of  some  additional  monstrosities  shown  in  Trillium  by  Prof.  John  M.  Hol- 
zinger*  of  Winona,  Minnesota,  in  a  paper  which  he  has  been  good  enough 
eo  send  me. 

It  occasionally  happens  that  interesting  monstrosities  or  variations, 
occur  in  other  plants.  Such  variations,  although  very  common,  are  never- 
theless often  of  great  importance. 

One  of  the  most  common  folear  variations  occurs  in  clover,  and  these 
I  have  found  more  or  less  abundantly,  esi)ecially  in  Trifolium  pratcuMc, 
De  V'ries*  states  that  he  rarely  observed  clover  individuals  with  more  than 
one  quaternate  leaf.  I  have  observed  from  time  to  time  some  siKJcimcns  of 
clover  which  had  one  leaf  of  four  leaflets,  and  in  one  instance  found  two 
8i>ecimens  of  clover,  each  of  which  had  in  addition  to  ten  regular  leaves  of 
three  leaflets,  seven  (7)  other  leaves,  each  one  of  which  had  four  (4) 
leaflets.  One  of  these  quaternate  leaves  was  beginning  to  form  a  leaf  hav- 
ing five  (5)  leaflets  by  the  splitting  process.  Again  another  plant  of 
clover  near  this  one  having  seven  quaternate  leaves,  had  in  addition  to 
the  ternate  leaves,  one  with  flve  leaflets.  Another  specimen  of  clover  had 
ten  leaves  of  five  leaflets  each,  in  addition  to  several  ternate  ones.  One 
of  these  leaves  with  flve  leaflets  shows  the  origin  of  the  supernumerary 
leaflets  by  the  splitting  process,  as  De  Vries  describes  on  page  342  of  his 
"Species  and  Varieties.    Their  Origin  by  Mutation,"  1905. 

Another  specimen  of  clover  had  in  addition  to  the  usual  ternate  ones, 
one  leaf  having  six  leaflets,  and  another  plant  of  clover,  one  leaf  having 
seven  leaflets.  These  plants  all  grew  close  together  in  a  yard  and  were 
the  only  ones  thereabouts  which  showed,  in  the  many  other  specimens  of 
clover  present,  any  of  the  above  mentioned  deviations. 


^John  M.  HolKlnger,  Plant  World.    4:  July,  1901. 

'  Species  and  Vf^etles.    Their  origin  by  mutation,  1905,  p.  340, 
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I  have  also  noted  deviations  In  the  Buckeye  tree  where  six  and  some- 
times nine  leaves  occurred  instead  of  five.  Some  plants,  as  the  common 
blackberry,  have  at  times  flattened  stems,  and  some  have  two  periods  of 
blooming  in  the  same  year,  as  the  Weigelas  and  other  plants. 

Apparent  deviations  or  monstrosities  may  sometimes  be  due  to  an  in- 
jury, and  therefore  in  deciding  such  points  care  is  necessary. 

State  University, 

Bloom ington,  Ind. 
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A  List  of  Alg^. 

(Chiefly  from  Monroe  County,  Indiana.) 


By  F.  M.  Andbews. 


The  list  of  AlgjE  given  at  the  end  of  this  paper  includes  about  one 
hundred  and  seventy-five  forms,  most  of  which  are  from  Monroe  County, 
Indiana.  Some  few  species  of  these  Algte  are  from  the  Eagle  Lake  and 
Turkey  Lake  in  the  northern  part  of  Indiana,  while  a  few  others  have  l)een 
obtained  from  other  sources.  The  collection  of  these  forms  has  extended 
over  a  period  of  several  years,  for  a  continuous  effort  to  obtain  the  forms 
here  mentioned  was  not  made  except  in  the  case  of  the  Algte  found  in  the 
water  works  of  this  city  in  189C.  At  this  time  some  of  the  forms  of  Al- 
gse  then  to  be  found  in  the  city  water  works  of  Bloomington  were  collected 
by  Dr.  George  J.  Pelrce,  now  of  the  Inland  Stanford  Junior  University, 
Mr.  A.  C.  Life,  and  myself.  A  title  of  the  work  done  by  us  conjointly  ap- 
peared in  the  proceedings  of  the  Indiana  Academy  of  Science  for  1896,  on 
page  208,  entitled:  "A  Microscopic  Examination  of  Certain  Drinking 
Waters." 

In  this  work  not  only  the  forms  at  the  surface  and  edges  of  the  reser- 
voir were  obtained,  but  also  those  to  be  found  at  different  depths  in  the 
water.  On  account  of  the  lack  of  more  elaborate  instruments  and  means 
for  doing  this,  we  hit  upon  a  very  simple  but  sufliciently  effective  plan. 
This  was  done  by  securing  a  bottle  of  the  proper  size  and  shape,  fitted  with 
a  stopper,  to  a  heavy  cord.  The  stopper  also  was  attached  to  a  cord. 
After  rowing  out  into  the  reservoir,  the  water  of  which  varied  from  fifteen 
to  thirty  feet  in  depth,  this  weighted  bottle  was  lowered  to  the  desired 
depth  by  one  string  and  the  stopper  partly  removed  by  the  other  string. 
After  the  bottle  had  filled  with  water,  as  could  be  told  by  the  rising  of 
bubbles,  the  stopper  was  allowed  to  slide  back  in  place,  thus  reclosing  the 
lK)ttle.  To  prevent  the  stopper  from  being  pulled  out  of  the  bottle 
and  thus  rendering  it  impossible  to  replace  It  before  raising  the  bottle 
from  the  water,  a  string  of  the  proper  length  was  tied  around  the  neck  of 
the  bottle  and  to  the  stopper.  To  be  sure  that  the  glass  stopper  would 
settle  back  into  the  bottle  after  filling,  I  found  a  band  of  rubber  fastened 
around  the  neck  of  the  bottle  and  the  stopper  to  be  effective  in  accomplish- 
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ing  this  end.  It  is  always  best  to  close  the  veasel  used  in  such  experiments 
to  prevent  the  entrance  of  Algae  not  at  the  depth  at  which  it  Is  desired  to 
take  the  samples  or  to  keep  some  In  the  bottle  from  being  lost  in  raising 
the  bottle  to  the  surface.  In  this  way  it  is  easily  possible  to  obtain  speci- 
mens that  are  floating  from  any  part  of  the  body  of  water.  By  this  method, 
too,  it  was  shown  that  numerous  forms  of  Algte  were  distributed  all  through 
this  body  of  water.  The  living  ones  were  found  in  greater  abundance  at 
or  near  the  surface,  as  would  be  exi)ected,  but  they  were  also  found  in  the 
deeper  water  as  well.  In  some  places  the  number  of  forms  was  often  very 
small,  but  in  order  to  make  a  study  of  the  greater  number  from  such  a 
locality  the  following  method  was  used:  A  suitable  quantity  of  water 
was  obtained  in  the  above  described  way  from  the  desired  location,  and 
this  allowed  to  filter  through  a  small  surface.  A  funnel,  the  lower  end  of 
whose  tube  was  closed  with  closely  woven  cloth,  served  quite  well,  and  in 
this  way  enough  forms  would  be  obtained  for  a  convenient  study.  Such 
concentration  of  forms,  we  may  term  It,  also  brings  about  a  great  saving 
of  time  In  looking  for  forms  that  would  otherwise  be  found  only  after  much 
searching,  and  at  the  same  time  was  more  representative  for  any  given 
depth. 

The  effectiveness  with  which  various  of  the  Algse  forms  could  be  re- 
moved by  means  of  sand  was  attempted.  This  will  vary  with  the  kind 
of  sand  employed.  The  kind  of  sand  here  employed  was  very  fine,  white 
sand,  especially  employed  for  the  microscopic  examination  of  water.  The 
following  are  some  of  the  results: 

Twenty-five  ccm.  of  water  from  the  bottom  of  the  reservoir,  In  five 
cm.  of  this  sand,  required  seven  minutes  to  filter. 

One  thousand  ccm.  of  water  from  the  surface  of  the  reservoir  required 
forty-three  minutes  to  filter,  through  a  closely  woven  cloth  tied  over  the 
end  of  a  very  small  glass  tube.  A  considerable  depth  of  very  fine,  clear 
sand  is  necessary  to  entirely  remove  all  of  the  smaller  Algte  forms  from 
the  water,  for  I  found  after  only  twenty-five  ccm.  of  the  water  from  this 
reservoir  had  been  filtered  through  five  ccm.  of  fine  sand,  a  considerable 
number  of  some  forms  came  through.  In  one  Instance,  in  tap  water,  com- 
ing from  this  same  source,  some  small  forms  cariie  through  four  cm.  of  tliis 
fine,  white  sand,  which  to  filter  twenty  ccm.  It  requlreil  one  hour  and  twen- 
ty-five minutes. 

In  another  case  only  eighty-five  minutes  was  required  to  filter  twenty- 
five  ccm.  of  this  water  through  four  cm.  of  sand,  due  in  this  case  to  the  less 
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quantity  of  sediment  and  forms  than  in  tlie  instance  where  one  hour  and 
twenty-five  minutes  was  required  for  filtration.  Some  permanent  slides 
were  prepared  in  1896  and  part  of  these  I  still  have,  which  show  some  of 
the  various  Algie  forms  obtained  by  the  method  above  referred  to.  These 
slides  were  prepared  by  making  a  mounting  fluid  of  the  following  sub- 
stances : 

Alcohol,  05%   10  ccm. 

Glycerin    l^    " 

Distilled  water  30    " 

Acetic  acid,  5% 30    " 

Specimens  mounted  in  this  mixture  should  be  sealed  with  balsam. 
The  slide  should  be  thoroughly  cleansed  and  dry  before  ringing  the  cover- 
glass  with  balsam.  The  only  danger  from  the  loss  of  specimens  so  mounted 
is  from  the  liability  of  the  balsam  to  crack  and  allow  the  liquid  under  the 
cover-glass  to  evaporate.  For  this  reason  they  had  better  have  the  balsam 
covered  with  a  layer  of  dammar-lac  or  shellac,  and  be  noticed  from  time 
to  time  and  not  kept  in  too  warm  a  place. 

Dilute  glycerin  seems  also  to  be  a  good  medium  for  mounting  Alga?. 
One  specimen  of  Pandorina  has  been  preserved  and  mounted  in  it  fifteen 
years  and  Is  still  apparently  as  green  and  as  perfect  as  the  day  it  was 
mounted.  Camphor  water*  and  glycerin  also  seem  to  give  good  results 
from  the  standpoint  of  preservation. 

Other  forms  of  the  Alga?  of  this  list  not  found  in  the  water  works 
reservoir  have  been  observed  at  different  times  and  recorded  as  found. 
It  is  not  supposed  that  this  list  of  Algro  here  given  Is  by  any  means  com- 
plete, but  gives  an  Idea  of  a  few  out  of  an  enormous  number  of  forms  that 
must  be  widely  distributed.  A  good  many  of  the  forms  here  mentione<l 
have  been  found  by  Mr.  A.  B.  Williamson,  one  of  the  students  in  the  Botany 
Department,  and  reported  to  me  for  the  following  list. 

A  list  of  the  growing  forms  of  plants  in  any  locality  Is  best  made  and 
more  complete  when  extended  over  a  series  of  years,  so  as  to  include  those 
individuals  which  for  various  reasons  or  changes  of  conditions  do  not  ap- 
pear during  one  season. 

'  Htokes — Analytical  Keys  to  the  (iencra  and  Specirs  of  the  Fresh- water  Algae, 
p.  20. 
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A  LIST  OF  ALG-E. 


Glceocapsa  polydermatlca. 
aeruginosa, 
coraclna. 
rupestris. 
sanguina. 


K 


« 


<i 


Chrococcus  turgidus. 
coherens. 


>( 


Spirulina  Jenneri. 
duplex. 


(« 


Gloeotrichia  pisum. 
natans. 


«f 


Calothrix  gracilis. 
Tolypothrix  distorta. 
tenuis. 


n 


Rivularia  Dura. 

**        echinulata. 
Scytonema  tolypotliriclioides. 

myoelirous. 

natans. 


»( 


(( 


«t 


t( 


SIrosipIion  pluvinatus. 

Hapalosipiion  tenulssimus. 

Nostoc  pruniforme. 

verrucosum. 
splitericum. 
"        commune. 

AnalMBua  inaeQualis. 

Nizscliin  sij^moidea. 
"        constricta. 
**        ad  cu  lads. 

Cocconema  lanceolatum. 


Synedra  Acus. 

"        pulcliella. 
Fragilaria  capuclna. 
Acliautties  Hungarica. 

Cocconeis  placentula. 

Eunotia  gracilis. 

pectinalis. 

Amphora  ova  lis. 

Epithemia  turgida. 
gibba. 

Gyroslgma  attenuatuiu. 

Spirogyra  jugalis, 
nitida. 
crassa. 
**        decimina. 
setiformis. 
gracilis, 
fusco-atra. 
communis, 
quiuina. 
longata. 


ti 


*^ 


n 


ti 


Zygnema  leioRi>erniuni. 
"         insigne. 
anomalum. 


<« 


Zygogoniuui  decussatuiu. 

Mougeotia  divarecata. 

Mesocarpus  numniuloides. 
"        recurvus. 
robustus. 
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Staurastrum  arctlscon. 
**        muticum. 
deje(?tum. 
iucisuni. 
alternans. 
crytocerum. 
araehne. 
gracile. 
vestituin. 
hirsutiiui. 
spongiosuni. 
Inteoluin. 


CEdogonium  crassum. 
"        sexangulare. 
**        obtruncatuui. 
*'        fouticola. 

Bulbooha&te  intermedia. 

Coloclwete  irregularis. 
*•        sohita. 
'*        sc'iitata. 

Draparnaldia  glomerata 


I*edia8trum  Boryauniii. 
**        i>ertii8Uin. 
tetras. 

Sorastrum  s))inii]osuiii. 

(^oelastinim  mieroiwriini. 
**        cambricnin. 

ScenedesmuB  obtusus. 
dimorplnis. 
Cauda  tiis. 
acutus. 


t« 


*i 


Pandorina  morum. 

Kndorina  stagnalis. 

Voivox  globator. 
Sphierella   (Chlaniydococcus) 
pluvialis. 

THothrlx  subtilis. 
muralis. 


«4 


GoDium  pectorale. 
Cladophora  glomerata. 

fracta. 

crispata. 


tt 


«« 


Stigeoclonium  nanuni. 

Cylindrospermum  macrosperiiiuni. 
Cylindrocapsa  geminella. 
.Merismoptedia  glauoa. 
"        convoluta. 

Oscillaria  chalybea. 
cruenta. 
tenuis, 
subfusca. 
natans. 
antliaria. 
limosa. 
percursa. 
princeps. 
Froelichii. 
brCvis. 


«* 


it 


Navicula  viridls. 

"        splwerophora. 
**        serians. 
"        alpina. 

Cymbella  lanoeolata. 

Meridion  oirculare. 

Dlatoma  elongatum. 
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Melosirn  arenaria. 
'*        variaus. 

Gomphonema  gem  ina turn. 
"        constrictum. 

Llomorphora  flabellata. 

Tabellaria  feiiestrata. 
floeculosa. 

rieurocarpus  mirabilis. 

Coaiuariuin  obsoletum. 
"  sexangulare. 
"        globosum. 

orbicu  latum. 

cucumis. 

suborblculare. 

benustum. 

quasillus. 
riosterium  acerosum. 

eucumis. 

Ehrenbergti. 

aoutum. 

attenuatum. 

r^lbleinli. 


n 


ti 


tt 


1( 


« 


(i 


tt 


Knastrum  erassum. 
cuneatnim. 
dldelta. 
ausatum. 


it 


it 


Mierasterias  radiosa. 
papilllfera. 
truncata. 


4i 


Chmtophora  pisiform  is. 
"        elegans. 
tuberulosa. 

Pleurococcus  viridis. 

Dactylococcus  bicaudatns. 
Botryoooccus  BrauDli. 

Ilydrodlctyon  utriculatiim. 

(VHiferva  floeoosa. 

fugaclsslma. 

affinis. 

vulgaris. 


i( 


(« 


«< 


Chlamydomoiias  pluvlale. 
tingens. 


ii 


Hyalotheoa  dissillens. 


Desmldiura  Swartzii. 


Mesota^nlum  Braunli. 

Spirotn^nia  eondenaata. 

Docidium  crenulatum. 
connatum. 
nodosum. 


«t 


Tetmemorua  Brebissonll. 


Xanthidium  armatum. 


DictyosphjBrlum  renlforme. 

Tetraspora  cylindrlca. 
"        lubrioa. 

Rapbldium  polymorphum. 
"        convolutuiii. 

Vancheria  sessllls. 

gemma  ta. 

terrestris. 

sericea. 

Dniwynii. 
Botridium  granulatum. 


t» 


t< 


«« 


it 


.\rthrodesmua  oonvergens.  Batrachospermum  monlllforme. 

State  University,  Bloomlngton.  Ind. 
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Additions  to  Indiana  State  Flora,  No.  4. 


By  Cha8.  C.  Dkam. 


1  offer  the  following  as  additions  to  the  Indhina  State  flora.  The 
determinations  have  been  ehec-keil  by  recoKnizetl  authorities,  and  speci- 
mens are  deposited  In  my  herbarium: 

Andropogon  Mcoparius.  var.  Hitoralis  (Nash)  Hitch. 

liake  (bounty,  on  sand  dunes  near  Indiana  Harbor. 

Panicum  tcnncsseeiise  Ashe. 

Madison  County,  on  dry,  wooded  bank  of  White  Uiver,  about  two 
miles  north  of  Anderson. 

H ramus  aUinHmuH  Tursh. 

Allen   County,  on  alluvial  bank  of  the  St.   Mary's  Uiver,   about 
one-quarter  mile  south  of  Ft.  Wayne. 

liromus  incanus  (Shear)   Ilitchc. 

Wells  County,  in  Jackson  Township. 

Carcx  cancsccns,  var.  ilisjuncta  Fernald. 

Steuben  County,  on  low  border  of  (Jraveyard  Lake. 

Carvx  laxiculmis  Schwein. 

Johnson  County,  in  dry  woods  about  two  miles  southeast  of  Mor- 
gantown. 

Carex  siccata  Dewey. 

Steuben  County,  in  dry  soil  in  clearing  one-quarter  mile  north  of 
Clear  Lake. 

Carcx  Btellulata,  var.  angustata  Carey. 

Steuijen  County,  on  low,  sandy  border  on  west  side  of  Graveyard 
Lake. 

Celt  in  occidentuliH,  var.  craMftifoHa   (Lam.)   Gray. 

Allen  County,  on  bank  of  St.  Mary's  River  one-half  mile  south  of 
Ft.  Wayne. 

Thalictrum  rcvoluttim  DC. 

Fountain  County,  on  wooded  alluvial  creek   bank   near  Veeders- 
iairg. 
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Trifolium  dubium  Sibth. 

Kosciusko  County.     Well  established  In  yards  of  cottages  on  north 
bank  of  Lake  Wawasee. 

SanictUa  canadensis  L. 

Allen,  Blackford,  Clark,  Madison,  Marion,  Morgan,  Wabash,  and 
Wells  counties. 

♦S<iWM't//a  grcffaria  Bicknell. 

Dekalb.  Fountain,  Madison  and  Noble  counties. 

Ccphalanthus  oocidentaUs,  var.  pubesccns  Uaf. 
Clark  County,  on  State  Reservation. 

Vcmonia  ilHnoensis  (vleason. 

Steuben  County,  in  prairie  one-quarter  mile  east  of  Clear  Lake. 
Clear  Lake. 

SoHdago  juncca,  var.  scahrclla  (T.  &  G.)  Gray. 

Wells  County,  In  dry  clay  soil  In  clearing  on  east  side  of  lakes  in 
Jackson  Township. 

Indianapolis,  Indiana. 
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Right  and  Wrong  Conceptions  of  Plant  Rusts. 


By  J.  C.  Abthub. 


The  plant  rusts  have  been  known  both  popularly  and  sdentlflcally 
from  the  earliest  times.  Their  study  took  the  usual  course  of  development 
of  all  cryptogamic  plants  up  to  the  time  that  DeBary  demonstrated  that 
pleomorphism  existed  in  many  species  in  a  more  striking  manner  than 
known  in  other  fungi.  He  showed  that  most  if  not  all  members  of  the 
genus  ^cidium  as  recognized  at  the  time  were  only  stages  In  the  life  cycle 
of  i^ecles  of  Puccinia  and  Vromyces,  and  other  investigators  soon  followed 
with  similar  demonstrations  for  such  genera  as  Roestelia,  Peridermium, 
and  Cwoma.  It  was  in  1866  that  he  announced,  with  experimental  proof, 
that  one  stage  of  a  rust,  as  the  JEcidiunij  often  grows  on  a  host  wholly 
different  from  that  on  which  the  final  stage  grows,  such  rusts  being  called 
heterceclous. 

Heteroecism,  which  was  thus  established  by  DeBary  and  confirmed 
by  his  contemporaries,  was  not  generally  accepted  by  mycologists  for  a 
score  or  more  of  years.  That  the  JEcidium  poculiforme  of  the  barberry 
leaf,  with  its  conspicuous  cups  filled  with  chains  of  verrucose  spores,  could 
not  give  rise  to  other  similar  cups  on  the  barberry,  but  only  to  the  pow- 
dery and  echinulate  spores  of  the  red  rust  on  wheat  stems,  as  imllke  the 
former  as  a  caterpillar  is  unlike  the  pupa  into  which  it  is  transformed, 
was  such  a  strikingly  new  Idea  in  botany,  that  when  once  it  did  find  gen- 
eral credence,  and  was  extended  to  many  other  species  by  culture  work, 
it  assumed  undue  prominence.  This  result  was  accelerated  by  the  rather 
recent  discovery  of  races,  or  so-called  physiological  species.  When  the 
well  known  Puccinia  graminig,  which  has  great  economic  Importance  by 
producing  a  destructive  disease  of  cereals  and  grasses,  became  also  one 
of  the  best  illustrations  of  the  division  of  a  species  into  physiological 
strains  or  races,  more  or  less  well  established,  In  some  cases  amount- 
ing to  possible  si)ecies,  it  assumed  in  the  minds  of  many  mycologists  a 
typical  i^sition  in  reference  to  other  rusts.  It  became  common  to  speak 
of  rusts  as  agreeing  with  Puccinia  graminis  In  their  life  cycles  and  spore 
structures,  or  in  showing  a  certain  amount  of  deviation  from  it  This 
attitude  has  caused  considerable  distortion  in  the  conception  usually  held 
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of  the  rusts,  even  by  the  foremost  students  of  the  order.  It  affects  sys- 
tematic work  adversely,  keeps  the  terminology  in  an  antiquated  and  ambig- 
uous form,  and  makes  it  ditHcult  to  institute  legitimate  comparisons  be- 
tween different  genera,  species,  or  spore  structures. 

One  of  the  wrong  conceptions,  wrong  when  viewed  In  the  light  of 
present  knowledge,  is  to  make  the  genus  Puccinia  include  all  species  that 
possess  a  two-qell^,  pedicel  led  and  free  teliospore  (excepting  those  with 
tellosiK)re  imbedded  in  gelatinous  matrix,  separated  under  Gymnospor- 
angium),  irrespective  of  the  other  morphological  characters,  or  of  the 
complexity  of  the  life  cycle,  and  furthermore,  as  part  of  the  same  concep- 
tion, to  make  the  genus  Uromyccs  include  all  species  that  possess  the  same 
kind  of  teliospore,  only  one-celled  instead  of  two-celled.  The  writer  be- 
lieves that  the  length  and  nature  of  the  life  cycle,  which  is  a  more  unvary- 
ing character  in  the  rusts  than  the  one  or  two-celled  teliospore  (recall 
the  Uromyces-Puccinia  species  on  Allium,  Sida,  and  some  other  hosts), 
should  be  accepted  as  a  character  for  genera,  as  it  Is  now  quite  generally 
accepted  for  species.  Recognizing  this  as  a  valid  generic  character,  and 
taken  in  connection  with  other  characters,  the  genus  Puccinia  can  be  sep- 
arated Into  four  genera  (i.  e.,  Dicwoma,  Allodus,  BuUaria,  Dasyspora), 
and  the  genus  Uromyces  also  into  four  (i.e..  NigredOj  UromycopsiB,  Klc- 
hahnia,  Telospora) ,  If  other  characters,  as  well  as  the  life  cycle,  mostly 
now  generally  ignored,  are  taken  into  account,  Puccinia  Pruni-spinosw  and 
its  allies  should  form  a  genus  (Tranzschelia)  near  to  Ravenelia,  on  ac- 
count of  the  adherent  pedicels  of  the  teliospores  and  peculiar  structure 
of  the  urediniospores ;  Uromyces  rosicola,  on  account  of  its  evident  spore 
structure,  will  go  into  a  genus  (AmeiHs)  near  to  Phragmidium,  but  with 
a  more  limited  life  cycle;  Uromyces  Terebinthi,  and  its  allies,  on  account 
of  the  remarkably  distinctive  characters  of  both  urediniospores  and  telio- 
spores, will  foim  a  genus  somewhere  between  Ravcnelia  and  Tranzschelia, 
while  the  similar  Urwnyces  effususy  with  a  still  more  restricted  life  cycle, 
will  go  into  another  genus  (Discospora).  And  In  like  manner  quite  a  num- 
ber of  other  species  now  commonly  included  under  Puccinia  and  Uromyces 
could  properly  be  separated  and  distributed  to  other  genera,  with  much 
inii)rovement  In  the  nomenclature  and  great  clarification  of  the  systematic 
affinities.  Other  genera  beside  Puccinia  and  Uromyces  could  also  be  shown 
to  be  overburdened  with  species  whose  life  cycle,  or  morphological  struc- 
ture, or  both,  entitle  them  to  a  different'  place  in  the  systematic  arrange- 
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ment,  If  the  extent  of  the  life  cycle  and  characters  other  than  those  iier- 
taining  to  the  tellospore  were  called  irto  account. 

The  third  epoch  in  the  study  of  plant  rusts  (the  second  one  being 
ushered  In  by  DeBary's  demonstration  of  heteroecism  and  the  first  epoch 
preceding  that  time),  may  be  considered  to  have  started  with  the  study 
of  the  nucleus  and  Its  behavior.  This  was  begun  by  the  work  of  Sappin- 
lYouffy  and  of  I*olrault  and  Raciborski  some  fifteen  years  ago,  and  ably 
continued  by  Blackman,  Christman,  Ilolden  and  Harper,  Olive  and  others. 
The  nuclear  history  in  the  rusts  is  still  in  a  very  Incomplete  state,  and 
part  of  what  has  been  gone  over  needs  further  substantiation.  Enough 
has  been  demonstrated,  however,  to  modify  profoundly  our  ideas  of  the 
significance  of  the  different  si)ore  forms,  the  relation  of  the  spore  struc- 
tures, and  the  i>ossIbility  of  sexuality. 

While  it  may  be  interesting  to  review  the  present  knowledge  of  nu- 
clear changes  in  the  rusts  and  show  the  bearing  on  taxonomy,  it  will 
sutfice  for  the  present  purpose  to  bring  up  briefly  a  few  points.  It  has 
been  rather  clearly  shown  that  the  rusts  possess  well  marked  antithetic 
alternation  of  generations.  The  gametophytic  generation  has  uninucleated 
mycelium,  and  gives  rise  to  two  kinds  of  spores,  basidlospores  and  pycnio- 
spores,  both  uninucleated,  and  these  are  the  only  truly  asexual  spores 
formed  in  the  life  cycle.  The  ^porophytic  generation  begins  shortly  after 
the  pycnia  mature,  being  inaugurated  by  a  sexual  fusion  of  cells.  This 
act  introduces  the  binucleated  condition.  In  many  si)ecies  of  rusts  only  one 
sjKjre  form  (tellospore)  is  i)roduccd  in  the  sporophytic  generation.  In 
other  species  there  is  an  initial  spore  form  (jwiospore),  and  usually  a 
repeating  form,  in  addition  to  the  tellospore.  All  spores  of  this  genera- 
tion are  binucleated.  In  the  gametophytic  generation  all  siwcies  behave 
essentially  the  same.  It  is  in  what  follows  during  the  sporophytic  genera- 
tion that  the  great  diversity  of  the  rusts  is  shown. 

If  the  first  binucleated  spores  arising  after  sexual  cell  fusion  are 
teliospores,  no  other  spore  forms  in  this  generation  are  produced,  and  the 
life  cycle  is  a  brief  one.  But  if  the  first  binucleated  siK)re8  are  formed  In 
what  has  been  called  an  tecidium,  cjeoma,  or  primary  uredo,  they  are 
es.sentially  of  the  same  physiological  nature,  whatever  form  they  may  take. 
Any  such  sorus  may  be  called  an  teclum,  and  the  spores  jeciospores,  this 
being  an  extension  In  the  previous  application  of  the  terms  to  cover  the 
primary  uredo.     Possibly  new  terms  would  be  less  liable  to  introduce  am- 
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bigulty  iD  subsequent  discussions,  but  in  this  paper  jecla  will  be  under- 
stood to  be  the  initial  spore  structures  following  the  pycnia,  when  these 
structures  are  not  telia.  Such  Ji-cia  are  of  varying  complexity,  the  simi)lest 
being  of  the  uredo-type  with  siwres  borne  on  pedicels  and  no  peridiuiu, 
intermediate  forms  being  of  the  cteoma-type,  with  spores  in  chains  and  no 
peridluni,  and  the  most  highly  developed  being  of  the  lecidlum-type  with 
a  well-formed  i»er!dlum.  There  is  a  wide  difference  in  complexity  of 
structure  between  the  lowest  uredo-tyi)e  of  secla  (c.  (/.,  those  of  the  so- 
called  Chryaomyxa  alhtda)  and  the  highest  jecidlum-type  (e.g.,  those  of 
^cidium  pocuUforme  belonging  to  Puccinia  gramiaiis).  But  whatever  the 
degree  of  complexity  they  are  all  strictly  comparable  in  their  relation  to 
the  life  cycle  of  the  different  si)ecle8  to  which  they  belong. 

In  most  genera  having  species  with  Initial  tecla  more  rapid  and 
extensive  dissemination  is  brought  about  by  means  of  repeating  spores, 
often  called  summer  spores.  A  few  genera,  like  Oymnoaporangium  and 
Calyptospora,  have  no  repeating  spores  in  present  known  species.  The 
repeating  spore  structures  are  either  Isomorphic  with  the  jecla,  and  are 
known  as  secondary  a»cla  and  secondary  uredlnia,  or  they  are  hetero- 
morphlc,  and  are  known  simply  as  uredlnia.  In  either  case  the  repeating 
spores  arise  from  an  Infection  by  Initial  aeclospores,  and  are  not  Immedi- 
ately preceded  by  pycnia.  Repeating  spores  are  blnucleated,  but  do  not 
arise  from  fusing  unlnucleated  hyphte,  as  the  initial  oeclospores  do,  for 
the  mycelium  on  which  they  are  seated  Is  already  blnucleated,  having 
been  derived  from  a  blnucleated  spore. 

The  accompanying  chart  enumerates  the  best  understood  genera  of 
the  rusts,  arranged  In  such  a  way  as  to  show  the  essential  features  In 
the  life  history  of  the  si)ecles.  It  embraces  about  three-fo.urths  of  all 
genera  of  the  Uredinales  recognized  at  the  present  time.  The  chief  value 
of  the  chart  Is  to  emphasize  the  need  of  taking  Into  account  the  full  life 
cycle  in  order  to  comi)are  or  to  contrast  genera.  It  will  be  seen  that 
many  genera,  jwsslbly  a  third  of  all  known,  have  no  tecia  or  repeating 
spores,  but  the  formation  of  tella  follows  Immediately  upon  the  maturity 
of  the  pycnia.  In  the  genera  with  aecla  Increasing  complexity  of  develo^v 
ment  Is  shown  by  the  presence  of  heteromori>hlc  repeating  spores,  cupu- 
late  lecla  with  catenulate  a?closi)ores,  and  heterceclsni  while  comparative 
simplicity  of  development  Is  shown  by  Isomorphic  repeating  spores,  cjEomate 
jecla  with  pedlcelled  teclospores,  and  autoeclsm. 
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r^Acut  cupulate — with  catenulate  spores^ 


repeating  sporcH 
heteromorphic 


rmtia^ 


kscia  ctBomate— with  catenulate  spores  < 
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Showing  life  history  of  69  heat  known  genera  of  ruata. 
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It  l8  evidently  a  right  conception,  in  view  of  tlie  foregoing  statement, 
to  regard  Puccinia  graminis  (a  better  name  is  Dicwoma  pocuUforme)  as 
a  representative  of  tlie  higliest  development  of  rusts.  But  to  regard  it  as 
typical  of  all  rusts,  or  even  of  all  rusts  having  iecia,  is  clearly  asking  too 
much  of  an  Illustration,  and  likely  to  involve  grave  misconceptions  of 
structure  and  relative  values.  If  the  most  essential  features  of  the  I'usts 
were  to  be  illustrated  by  the  smallest  permissible  number  of  examples  of 
common  and  well  known  species,  I  should  splpr>t  PolythcUs  Thalictri  (Puc- 
cinia  Thalictri)  for  the  forms  without  UK'ia.  Kuvhncola  albida  (often  called 
Chrysomyxa  albi4a)  for  the  forms  with  lecia  and  isomorphic  repeating' 
spores,  and  Dicwoma  poetiliforme  {Puccinia  graminia)  for  the  highly  de- 
veloped forms  with  jecia  and  heteromorjjhic  repeating  si»ores. 

A  wrong  concvption,  which  is  doing  much  harm  to  the  taxonomic  study 
of  the  rusts,  is  the  view  that  8eclosix)res  and  uredlniospores  are  of  the 
nature  of  conldia,  that  is,  asexual  si>ores,  comparable  to  the  conidia  so 
abundantly  produced  by  many  ascomycetous  fungi.  Cytological  studies 
show,  however,  that  in  the  rusts  the  only  truly  asexual  spores,  other  than 
the  basidiospores,  are  the  pycnlospores,  and  to  these  only  can  the  term 
conldia  be  applied  with  approximate  accuracy.  The  sexual  process  begins 
by  the  fusion  of  uninucleated  hyphal  cells,  which  Immediately,  or  almost 
Immediately,  develop  some  kind  of  blnucleated  spore-structure.  If  only 
one  kind  of  blnucleated  spore  Is  produced  by  the  species.  It  Is  proi)erly 
called  a  tellospore.  Such  a  tellospore  has  two  nuclei  in  each  cell,  derived 
by  a  short  succession  of  divisions  from  the  two  nuclei  of  the  fusing  cells. 
These  two  spore  nuclei  fuse  Into  one  nucleus  prior  to  germination  of  the 
tellospore.  thus  completing  the  sexual  process.  If  more  than  one  kind  of 
blnucleated  spore  Is  produced,  the  Initial  kind  may  be  called  an  aeclospore, 
whatever  the  morphological  structure  In  which  it  is  formed.  It  has 
arisen  as  the  consequence  of  sexual  cell  fusion,  just  as  In  the  precetllng 
case,  and  has  the  physiological  character  of  greatly  stimulated  growth 
associated  with  sexuality.  This  Initial  a?clospore  gives  rise  to  a  blnucle- 
ated mycelium,  which  In  turn  generally  produces  blnucleated  repeating 
spores  of  the  same  or  of  a  different  form,  and  so  on,  until  finally  a  tello- 
spore Is  produced  in  which  nuclear  fusion  takes  place,  as  In  the  first 
Instance  mentioned.  The  sexual  process  In  this  class  of  rusts  extends 
from  the  cell  fusion  at  the  base  of  the  iiecia  through  all  the  succession  of 
hyphal  cells  and  repeating  spores  to  the  fusion  of  nuclei  in  the  mature 
tellospore. 
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All  rusts  at  preseut  known  fall  into  one  of  these  two  classes:  the 
sporophytic  generation  gives  rise  either  to  a  single  spore-form,  or  else  to 
initial  and  final  spore-forms,  with  usually  intermediate  repeating  forms. 
Whether  one  or  more  than  one  spore-form  arises  between  the  cell  fusion 
and  final  nuclear  fusion,  constituting  the  sexual  period,  all  such  spores,  of 
whatever  morphological  structure,  are  of  a  sexual  nature,  the  initial  form 
(whether  of  the  aecidium-type,  ca?oma-tyi)e,  primary  uredo-type,  or  when 
none  of  these  is  produced,  the  teleuto-type)  being  the  one  which  most 
clearly  shows  the  stimulus  of  fertilization. 

The  above  facts,  especially  when  taken  in  connection  with  the  highly 
differentiated  structures  associated  with  the  initial  and  repeating  spores, 
often  being  quite  equal  or  superior  to  those  of  the  teliospoi*es,  show  every 
reason  that  may  be  based  upon  morphology  and  development  for  consider- 
ing the  initial  and  repeating  spores  as  practically  of  equal  taxonomlc 
rank  with  the  teliospores.  To  illustrate,  a  genus  founded  uiK)n  a  repeat- 
ing stage,  like  the  genus  of  imi>erfectly  known  fern  rusts,  Milesiay  should 
be  as  valid  as  if  founded  on  the  tella.  This  genus  has  recently  been  re- 
christened  Milesma  on  the  ground  that  the  original  name,  given  in  1870. 
Is  invalid  because  it  was  only  applied  to  the  uredinla  and  not  to  the  telia. 
Again,  now  illustrating  with  a  specific  name,  the  heteroecious  rust  which 
was  first  specifically  called  poculiforme  was  descril)ed  in  its  tecial  stage 
under  ^cidium,  and  according  to  the  preceding  argument  on  the  impor- 
tance of  the  initial  spores,  this  name  having  priority,  although  not  at  the 
time  made  to  include  the  tella,  should  be  used,  whatever  genus  name  be 
considered  the  best,  as  e.  g„  Dicwoma  poculiforme  or  Puccinia  poculiformis, 
not  Puccinia  graminis. 

From  the  foregoing  it  will  be  seen  that  for  purposes  of  taxonomy 
names  applied  to  the  pycnia  (spermogonia)  may  properly  be  ignored,  on 
the  ground  that  they  apply  to  asexual  or  conidlal  structures,  but  that 
names  applied  to  lecia  and  uredinia  {JJcldium,  Cwoma,  Peridermium, 
Uredo,  and  other  such  forms)  should  have  the  same  standing  as  names 
applied  to  tella  (teleutospore  stage). 

I  have  tried  to  show  that  the  main  features  in  the  life  cycle  of  all 
rusts  exhibit  essential  uniformity,  there  l)eing  two  large  groups,  one  with 
a  single  form  of  spore  (teliospore)  in  the  sporophytic  generation,  and  the 
other  with  additional  initial  and  (usually)  repeating  spores,  and  that  the 
great  diversity  lies  in  the  details  of  their  structural  development.     It  is 
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difficult  to  give  a  clear  and  concise  account  of  the  general  features  of  the 
rusts  on  account  of  the  inadequate  and  ambiguous  terminology  at  present 
in  use.  It  appears  to  be  unquestionably  established  that  the  spore  struc- 
tures of  the  rusts  are  not  to  be  homologized  with  those  of  the  Ascomycetes, 
and  that  taxonomic  practice  in  the  rusts  should  not  be  Influenced  by  what 
Is  correct  or  expedient  In  the  Ascomycetes  or  other  fungi  with  strongly 
marked  conldlal  and  sexual  forms,  but  be  based  upon  the  unique  char- 
acters of  their  own  development. 

Right  conceptions  of  the  rusts,  according  to  the  writer's  position,  are 
those  based  upon  the  full  life  histories  of  the  species,  taking  into  account  all 
the  present  known  facts,  and  wrong  conceptions  are  based  upon  partial 
life  histories,  and  on  ideas  derived  from  other  fungi  and  formerly  supposed 
to  apply  to  the  rusts  but  now  known  to  be  Inapplicable  and  misleading. 

Purdue  University, 

Lafayette^    Indiana. 


891 


The  Effect  of  Preservatives  on  the  Development  of 

Penictlltum. 

By  Katherine  Golden  Bitting. 


Ill  examining  ketchui)  for  tbe  organisms  present,  it  was  noted  that  the 
hyi»bje  of  nioukls  In  preserved  ketcluip  were  swollen  and  distorted.  In 
many  of  the  brands  of  ketchup,  the  mould  i)resent  was  the  common  blue 
mould.  Pcnlcillinm.  As  this  mould  Is  apparently  omnivoi'ous  in  habit, 
thriving  and  fruiting  on  many  media,  has  been  used  in  many  physiological 
investigations  to  determine  the  nutritive  value  of  many  compounds,  grows 
normally  In  liquid  media,  and  fruits  n:)rmally  In  a  saturated  atmosphere. 
Is  regular  in  its  germinative  power,  and,  so  far  as  known,  constant  in 
form,  it  was  selected  to  determine  the  effect  of  soilium  benzoate,  used  in 
varying  <iuantities,  on  Its  structure  and  development.  The  media  used  in 
the  experiments  were  tomato  bouillon,  tomato  gelatin,  and  tomato  pulp, 
and  were  selected  because  the  tomato  juice  and  pulp  are  present  In  ketchup, 
and  also  because  they  do  not  alter  the  toxic  properties  of  the  agents  used 
toward  the  fungus.  Afterwards  the  condiments  used  In  ketchup  were 
teste<l  and  also  the  ordinary  food  preservatives,  though  not  so  extensively 
as  the  sodium  benzoate.  In  the.«e  latter  exi»eriments  tomato  bouillon  was 
the  only  meitlum  used. 

The  bouillon  was  made  by  adding  to  a  can  of  tcmmtoes  an  equal  vol- 
ume of  water,  boiling  for  about  half  an  hour,  and  then  filtering.  The 
filtrate  is  clear,  and  a  good  medium  for  growth.  It  has  an  acidity  of  ai»- 
proximately  .2%  calculated  as  citric  acid.  For  the  tomato  gelatin,  10%  of 
gelatin  was  added  to  the  t'vmato  bmlllon,  cleared  with  ^^^,  and  filtered. 
The  tomato  pulp  was  obtained  from  a  factory,  and  was  made  frjiu  wh  )le 
tomatoes.  To  these  media  the  sodium  benzoate  was  added  in  the  various 
amounts  used  In  factory  practice.  Before  sterilizing  the  media,  calen- 
dered paper  was  tied  closely  over  the  cotton  plug  to  prevent  tlie  distilla- 
tion of  the  benzoate.  After  sterilization  and  cooling,  the  media  were 
Inoculated  with  si)ores  from  a  vigorously  growing  culture  of  the  mould. 
During  development,  the  cultures  were  kept  at  room  temjieratnre.  unless 
otherwise  stated.  The  method  of  culture  was  by  moist  chambers  and  flasks 
for  the  bouillon  and  gelatin,  and  Petri  dishes  for  the  pulp.     The  nioi.st 
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chambers  had  a  few  drops  of  the  culture  medium  phiced  In  the  bottom, 
so  as  to  keep  the  vapor  tension  unaltered. 

The  cultures  were  examined  at  regular  intervals,  as  indicated  in  the 
tables,  those  in  the  flasks  having  si>ecimens  taken  for  examination  with 
the  miseroseope.  The  points  noted  were  the  swelling  of  the  spores  pre- 
ceding germination,  the  length  of  hyi)hjp,  and  the  earliest  api)earant*e  of 
conidiophores,  for  the  cultures  in  the  moist  chambers.  For  all  other  cul- 
tures a  hand  lens  was  used  to  determine  the  tirst  appearance  of  germina- 
tion. The  appearance  of  the  conidia  was  shown  by  the  blue  color,  and  the 
maturing  by  the  change  in  color  from  the  blue  to  green,  and  then  to  olive. 
The  volume  of  mycelium  and  conidia  was  notetl  to  determine  the  extent 
of  develoi)ment. 

pENinuji'M  Gkown  in  Tomato  Boriux>N  500  cc.  70**  F. 


Percent 
Sod.  Beni. 


1-12 


1-10 


1-5 


1-2 


Time  to 
Hours. 


24 


48 


48 


120 


Development. 


Spores  germinated. 

48  iMiurs — surface  covered. 

72  hours — spores  developed,  surface  blue.    Hyphs  uniform  in  outline,  protoplasm 

homogeneous,  many  vacuoles. 
120  hours — fully  matured. 

Thin  ring  at  edge,  small  colonies  submerged. 

120  hours — surface  covered,  blue.    Hyphe,  uneven  outlines,  protoplasm  granular, 

walls  broken  easily. 
240  hour*— fully  matured. 


Slightly  less  dev'eloped  than  in  the  preceding,  otherwise  alike. 
240  hours— fully  matured. 

Thin  interrupted  ring  at  edge. 

168  hours — spores  swollen,  irrcguUr  in  outline,  filled  with  coarsely  granular  pro- 
toplasm, walls  broken  by  cover  glass. 
336  hours — surface  dotted  with  colonies,  showing  blue  spots. 
348  hours— fully  matured. 


The  effect  of  the  sodium  benzoate  on  the  development  is  shown  in  a 
retarded  and  abnormal  development,  these  being  accentuated  as  the  auiount 
of  the  salt  was  increased,  to  a  point  where  no  development  occurred. 
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Peniciluum  Gbown  in  10%  Tomato  Gelatin.     100  cc.    70°  F. 


PcrCmit 
SodBenz. 

Time  to 
Germ. 
Hours. 

Development. 

24 

White  colonies  dotting  surface. 

96  hours — surface  covered,  green,  miture. 

1-12 

24 

Same  as  control 

1-10 

24 

Same  as  control. 

1-8 

24 

Same  as  control. 

1-6 

24 

Less  developed  than  control. 

96  hours— surface  covered,  nearly  all  greea. 

432  hours — mycelium  curled  up  round  edge--. 

» 

1-4 

48 

Small  white  colonies  dotting  surface. 

98  hour»— surface  covered,  nearly  all  green. 

342  hours — mycelium  curled  from  edges  to  center. 

1-2 

72 

Small  white  colonies  dotting  surface. 

96  hours — surface  about  two-thirds  covered,  center  green. 

342  hours— mycelium  curled  up  so  as  to  enclose  the  spores. 

lu  this  experiment  In  whicli  a  solid  medium  was  used,  tlie  effect  of 
the  sodium  benzoate  on  the  development  of  the  mould  was  not  marked, 
except  in  the  cultures  containing  the  larger  amounts.  In  these  there  was 
a  slight  retardation,  and  also  a  curling  up  by  the  mycelium  from  tlie  sul>- 
stratum. 


Pkniciluum  Grown  in  Tomato  Bouillon  in  Moist  (^h ambers,  70°  F. 


Percent 
Sod.  Benz. 

Time  to 

Germ. 

Hours. 

Development. 

1-12 

1-10 

1-8 

1-6 
1-2 

24 

24 

24 

24 

48 
96 

Short  tubes  formed. 

48  hours — well  developed  colonies  formeJ. 

Short  tubes  formed. 

48  hours— colonies  smaller  than  in  the  control. 

Tubes  just  forming. 

48  hours — less  development  than  in  the  l-12th  solution. 

T/ft«  than  in  the  1-lOth  solution. 

48  hours— less  than  in  the  1-lOth  solution. 

Spores  germinate!,  shorter  tubes  than  in  the  1-Sth  solution. 

Spores  germinated,  short  tubes. 

Noi'E. — In  120  hours  the  control  was  exhausted,  having  empty  hyph® ;  the 
other  cultures,  with  the  exception  of  the  i'/r)  solution,  have  hyphae  with  many 
vacuoles  in  the  protoplasm,  the  conldiophores  formed  are  apparently  normal. 
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The  eflfeet  of  the  antiseptic  ou  the  devekipmeut  of  the  mould  grown 
In  the  moist  chambers  was  not  so  pronounced  as  when  a  larger  quantity 
of  solution  was  used.  Neither  was  the  effect  always  uniform ;  sometimes 
the  spores  in  the  i%  and  the  i%  solutions  merely  swelled,  but  no  develop- 
ment of  hyphae  occurred;  in  others  short  tubes  developed  from  some  of 
the  s|>ores,  while  still  other  s|)ores  showed  no  changes  whatever. 

To  test  the  effect  of  the  larger  quantity  of  solution,  inoculations  were 
made  into  flasks  (containing  100  and  500  cc,  respectively,  of  the  solutions. 
The  results  indicated  that  the  effect  of  the  antiseptic  on  the  mould  de- 
velopment was  greater  when  grown  In  the  larger  quantity  of  the  solution. 

Pknicillium  Gbown  in  Tomato  Pulp,  in  Petm  Dishes,  65°  F. 


Percent 
Sod.  Ben7. 


1-12 

1-10 

1-8 

1-6 
1-4 
1-2 


Development. 


White  oolonieB  dotting  surface. 

96  hours — spores  formed. 

102  hours — surface  covered,  green. 

White  colonies  growing  up  on  side. 

102  hours — spores  formed  on  one  side,  colonies  starting  in  center. 

Colonies  started  in  center. 
312  hours — spores  formed. 

White  colonies  growing  up  one  side. 
192  hours — spores  formed. 


The  pulp  useil  in  the  experiments  was  of  fine  quality,  and  without 
any  added  ingredients  such  as  are  used  in  ketchup,  and  was  used  so  as  to 
determine  the  action  of  the  sodium  benzoate  alone  In  the  pulp.  During 
the  early  stages  of  development,  the  mould  grows  down  Into  the  pulp,  so 
that  the  whole  surface  of  the  hyphre  acts  as  an  absorbent  and  would  thus 
be  affected  to  a  greater  extent  than  where  only  a  part  of  the  surface  was 
in  contact.  This  may  serve  to  explain  the  more  pronounced  action  of  the 
sodium  benzoate  when  in  the  pulp,  and  also  the  fact  that  after  the  mould 
has  develoi>ed  sufficiently  to  grow  out  of  the  pulp  the  develoi)ment  becomes 
more  nearly  normal. 
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The  experiments  were  repeated  niaiiy  times  and  show  slight  varia- 
tions, but  the  results  as  shown  in  the  tables  given  are  fairly  representative. 

BENZOIC  ACID  IN  CRANBERRIES. 

The  occurrence  of  benzoic  acid  in  cranberries  has  been  cited  so  often, 
and  in  a  manner  that  is  often  misleading,  figures  obtained  by  Lafar*  on 
the  low-bush  cranberry,  Vaccinium  Vitis  Idaea,  being  given  for  the  common 
cranberries,  Vaccinium  macrocarpon  and  Vaccinium  Ojtiicoccus.  Vac,  ViUft 
Idaea  is  a  common  form  in  Europe,  growing  wild,  and  also  in  this  country 
in  Nova  Scotia,  and  though  it  is  imported  into  the  United  States,  it  Is  not 
the  form  which  is  used  to  any  extent  as  compared  with  Vac,  macrocarpon, 
the  large  cranberry  and  Vac.  Oxycoccus,  the  small  cranberry.  The  amount 
of  benzoic  acid  in  V.  Vitis-Idaca,  as  quoted  by  I/afar,  varies  from  .G4-.86 
grams  per  liter. 

Testimony*  given  Ijefore  the  committee  on  interstate  and  foreign  com- 
merce of  the  House  of  Representatives  on  the  \n\re  food  bills  in  February, 
1006,  gave  the  amount  occurring  in  raw  cranberries  as  A%,  and  that  half 
of  this  was  volatilized  in  the  cooking.  It  was  not  stated  which  of  the  two 
American  species  was  used  for  tiie  determination.  These  figures  have  not 
been  verified,  so  far  as  known  to  the  writer,  though  diligent  search  has 
been  made  in  many  chemical  and  food  journals. 

There  is  undoubtedly  an  antiseptic  present  in  cranberries,'  a  fact  knowij 
to  any  one  who  has  made  either  cranberry  jelly  or  sauce,  as  these  can  be 
kept  without  spoiling  for  a  long  time,  even  when  exposed  to  the  germs  In 
the  air. 

Experiments  were  made  to  determine  the  effect  of  growth  in  cran- 
berry juice  on  the  development  of  the  organism  used  in  the  previous  ex- 
periments. 

The  cranberries  selected  were  the  small  oval  ones,  said  to  contain 
the  largest  amount  of  the  antiseptic  and  were  tested  in  three  ways : 

1.  200  grams  were  .crushed  in  a  mortar,  then  covered  with  200  cc. 
water,  and  allowed  to  stand  for  12  hours,  after  which  the  juice  was 
filtered. 

2.  200  grams  placed  in  an  open  vessel  in  the  sterilizer  and  steamed 
until  the  cranberries  were  soft,  after  which  they  were  crushed  in  a  mortar. 


»  Lafar,  I**.,  Technical  Mycology,  Vol.  I,  p.  117,  1898. 
2  The  Canner  and  Dried  Fruit  Packer,  Vol.  XXVI,  No.  8. 
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had  200  ec.  water  added,  tlieu  stood  for  12  hours,  after  which  the  juic'e 

was  filtered. 

3.     This  was  similar  to  2,  but  the  vessel  was  covered  closely  during 

the  steaming. 

For  the  exi)erlment8,  50  cc.  of  the  filtrate  from  each  set  were  placed 

in   flasks.    They  were  inoculated  with  the  mould   without  any  previous 

sterilization.     The  following  table  shows  the  time  required  for,  and  the 

effect  on,  development : 


Penicillium   (Jrown   in   Cranberry   Juice. 


Medium. 


Raw  juice. 


Juice  cooked,  open . 


Juice  cooked,  closed 


Raw  iuice+  lOcc.  water. 


Juice  cooked,  open  +  lOcc.  water 


Juice  cooked,  cloeed  +  lOcc.  water 


Devdopnient. 


4        I  Short  tubes. 

7  dajTB  -only  *mall  white  colonies. 

Short  tubes. 

7  days— colony  green. 

Surface  nearly  covered,  white. 
7  da j'B— surface  green. 

Small  white  colony. 
7  days— surfiace  green. 

Surface  nearly  covered. 
7  days — surface  green. 

Surface  nearly  oowred. 
7  da>'s — surface  green. 


After  two  weeks*  development,  the  color  of  the  spores  of  Penicillium 
was  a  yellowish  green,  instead  of  the  normal  bluish  green,  and  the  my- 
celium was  very  scantily  developed.  The  surface  had  a  somewhat  granu- 
lar appearance,  instead  of  the  smooth,  even  appearance  of  a  normal  culture. 
The  filaments,  when  seen  with  the  microscoi)e,  were  thin,  shrunken,  and 
clear,  with  distorted  outlines.  The  cultures  were  kept  for  months,  re- 
maining scanty  and  granular  looking,  and  a  peculiar  feature  was  that  no 
development  of  bacteria  occurred,  even  In  the  uninoculated  ones,  though 
no  sterilization  bad  been  done,  and  the  uninoculated  were  exposed  to  the 
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air  at  times.  Sometimes  the  cultures  become  infecteci  with  yeast,  which 
win  develop  in  a  normal  manner,  seemingly  not  affected  as  is  the  mould. 

The  antiseptic  in  the  cranberries  was  weakened  by  the  cooking,  and  it 
made  little  diflference  whether  the  vessel  In  which  they  were  cooked  was 
open  or  closed,  development  occurring  in  the  same  time  in  both.  It  is 
probable  that  the  ccmtained  acid  would  evaporate  to  a  greater  extent  if 
the  cooking  had  been  done  on  a  stove,  as  they  are  cooked  ordinarily,  in- 
stead  of  In  the  enclosed  sterilizer.  It  is  also  probable  that  some  of  the 
antiseptic  proi)erty  is  due  to  the  astringent  present,  which  is  said  to  be 
destroyed  in  the  cooking',  and  which  gives  the  raw  cranberry  its  unpleasant 
taste.  This  is  further  borne  out  by  the  fact  that  the  effect  produced  on 
the  mould  is  different  from  that  produced  by  the  l)enzoate,  useil  either  as 
a  salt  or  acid. 

In  nearly  all  the  experiments  with  otlier  me<lia,  in  which  sodium  ben- 
zoate  was  used,  in  the  lesser  amounts,  the  organisms  thimgh  delayed  in 
germination,  and  at  tirst  forming  an  abnormal  develojunent.  aj)parently 
l)ecame  ac*<*ustomed  to  tlieir  environment,  and  later  developed  fairly  nor- 
mally, which  is  different  from  the  result  in  the  cranberry  juice,  in  the  lat- 
ter the  restrictive  effect  i)ersisteil. 

CONDIMENTS. 

The  condiments  used  were  those  which  are  used  in  ketchup — salt, 
sugar,  celery,  cinnamon,  cloves,  garlic,  ginger,  mace,  mustard,  paprika, 
black,  white,  and  red  pepper,  and  vinegar.  Along  with  these  acetic  acid 
and  alcH)hol  were  also  tested.  With  the  exception  of  the  cinnamon  and 
cloves,  the  other  spices  showed  slight  antiseptic  properties,  so  are  not  re- 
I>orted.  They  were  tested  in  the  form  of  infusions,  made  according  to  the 
method  of  the  U.  S.  phanuacoiM>eia',  also  as  acetic  acid  and  oil  extracts. 
The  ordinary  table  salt  and  sugar  were  used,  nie  <iuantities  of  the  con- 
diments used  in  the  report  were  determined  after  a  series  of  exi>eriments 
had  been  made  to  locate  their  point  of  inhibition. 


»  Willis,  C.  R..  Practical  Flora,  p.  174,  1894. 
T.  S.  Dispensatory,  10th  od.,  p.  651. 
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The  tables  sliow  the  genninatlve  power  and  also  the  gross  effect  in 
development.  The  moist  chamber  cultures  gave  closer  results  on  the  ger- 
mination and  the  earlier  effects  on  growth,  but  were  not  as  satisfactory 
as  the  flask  cultures  in  showing  the  general  effect  on  development.  In 
the  flasks  the  amount  of  development,  the  method  of  formation,  and  the 
color  in  nmturlng  could  be  seen  to  better  advantage. 

The  5%  salt  had  a  retarding  effect,  and  also  induced  an  abnormal  de- 
velopment, the  growtli  being  confined  to  a  small  amount  of  curled  surface 
mycelium  not  spreading  normally  over  the  surface,  and  some  submerged 
colonies.  The  sugar  caused  a  delayed,  stunted  development,  sometimes 
the  growth  in  the  50%  consisting  of  a  scanty,  submerged  mycelium.  In 
lesser  amounts  than  25%  a  thin  surface  mycelium  forms,  with  a  thick 
layer  of  siK)res.  The  cinnamon  and  cloves  in  the  5%  solutions  were  stimu- 
lating, while  stronger  solutions  retarded  the  develojiment,  the  cloves  being 
stronger  in  action  than  the  cinnamon.  In  the  5%  solution  of  alcohol  in 
the  moist  chambers  the  conidia  became  swollen  as  they  do  previous  to 
germination,  but  no  further  development  took  i)lace.  In  the  flask  cultures 
the  action  of  the  alcohol  was  weaker,  the  conidia  gei*minating  and  forming 
small  colonies,  which  was  probably  due  to  the  evaporation  of  the  alcohol, 
causing  the  solution  to  l)ecome  weaker  on  standing,  llie  i%  acetic  acid  re- 
tarded growth,  and  caused  the  mycelium  to  wrinkle.  In  all  the  flask  cul- 
tures with  the  exc*eption  of  the  alcoliol  the  effect  of  the  condiment  of  cor- 
resi)onding  per  cent,  was  stronger  than  in  the  moist  chambers. 

PRESERVATIVES. 

The  preservatives  are  those  which  have  been  used  in  foods,  and  used 
in  approximately  the  same  amounts.  The  results  show  that  they  have  a 
retarding  effect  on  the  development  of  the  mould,  even  when  in  small 
amounts,  and  that  most  of  them  become  inhibitive  when  the  amounts  are 
increased,  the  increase  not  exceeding  the  amounts  which  have  been  used  in 
foods. 
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The  results  indicate  the  acid  to  be  stronger  in  its  effect  than  the  cor- 
responding salt,  though  Penicillium  is  a  plant  which  grows  luxuriantly  on 
acid  fruits.  The  sodium  sulphite  bleached  the  solutions,  i%  being  a  pale 
straw  color.  The  copper  sulphate  solutions  were  also  changed  in  color, 
the  i%  solution  was  a  decided  green. 

In  all  cases  microscopic  examination  was  made  of  material  from  the 
flask  cultures,  and  indicated  more  conclusively  than  the  gross  appearance 
the  effect  on  the  development.  Submerged  colonies  have  been  used  for 
the  reports  in  the  table,  as  they  are  more  uniform.  The  surface  colonies 
have  the  characteristics  of  the  submerged  in  their  earlier  growth,  but  as 
development  proceeds  and  the  hyphte  grow  away  from  the  medium,  the 
characteristics  may  change,  sometimes  more  nearly  approaching  tlie  nor- 
mal, or  they  may  develop  characters  more  pronounced  than  the  submerged. 
In  a  few  Instances,  only  submerged  colonies,  and  in  the  raw  cranberry 
and  cinnamon  solutions  only  surface  colonies,  develoi)ed.  In  making  meas- 
urements the  germinatetl  spores  were  use<l.  and  only  the  average  sizes; 
the  extreme  in  size  was  avoided,  as  not  giving  a  fair  estimate  of  the  effect 
of  the  preservative.  Where  only  one  measurement  is  given,  it  indicates 
that  the  spores  were  fairly  uniform;  where  two  measurements  are  given, 
the  spores  showed  such  strong  variation  that  an  average  was  taken  of  the 
smaller  and  also  of  the  larger  instead  of  taking  the  average  of  the  two 
sets.  The  liypha*  were  measured  but  varied  so  much  that  it  was  thought 
a  better  estimate  could  be  obtained  from  the  photograi)hs. 


Microscopic  Appearance  of  Penicillium  Grown  in  Preservative 

80LUT10N8. 


I^ESERVATIVE. 

Sixeof 
Germinated 
Conidia  in  //. 

CliaracteriBtics  of  Development. 

CoDtrol 

8.5 

7.6 
7.6 

Hyphs  somewhat  irregular  in  outline  near  germinated  oonidia,  ta- 

Salt,  5% 

Sugar,  50% 

pering    tips,    iiomogeneous    protoplasm,    many    large    round 
vacuoles. 

Hypliffi  short,  distorted,  homogeneous  protoplasm,  no  vacuoles, 
blunt  tips. 

Hyphs  shrunken,  distorted,  homogeneous  protoplasm,  vacuoles 
show  as  pink  spots,  giving  a  beaded  appearance. 
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Microscopic  Appearance  of  Penicillium — Continued. 


PRUBBVATIYB. 


Cinnamon,  10% 

Oaves,  10% 

Cranbnry,  raw 

Cranberry,  cooked,  open . . 
Cranberry,  cooked,  covered 

Ak»hol,5% 

Acetk  acid,  1-5% 

Sodium  benz.,  1-5% 

Benioic  acid,  1-10% 

Borax,  1-5% 

Boric  acid,  1-5% 

Sodium  salicyUte,  1-5% . . 
Salicylic  acid,  1-5% 

Sodium  sulphite,  1-5% . . . 
Saccharin,  1-5% 

Coppo  sulphate,  1-5% . . . 


Site  of 
Germinated 
Conklia  In  /i. 


Characteristics  of  Development. 


15.2 


13.3 


7.6 

6.7 
7.6 

15.2 
11.4 


15.2 
38.0 


15.2 
49.4 


9.5 
15.2 

15.2 
19.0 

9.5 
15.2 

15.2 
30.4 


11.4 
13.3 

11.4 


Hyphae  swollen,  blunt  tips,  protoplasm  finely  granuUr,  i^itbout 
cohesion,  waUs  break  with  weight  of  cover-gijuu.  Few  sepia 
in  some,  in  others  prominent.  Few  side  branches.  Hyphs  dis- 
organised when  placed  in  water. 

Hyphs  swollen,  blunt  tips  thicker  than  okler  part,  short  thick  side 
branches,  finely  granular  protoplasm,  not  so  badly  disorganised 
as  in  cinnamon. 

Hyito  shrunken,  distorted,  tendency  to  develop  conidiophorea  ck)ee 
to  germinated  oonidia. 

Hypbe  thin,  tapering,  protoplasm  finely  granular. 

Hyphs  slender,  tapering  to  threads,  protoplasm  reduced  to  lining 
of  walls,  coarse  granules,  many  septa. 

Hyphs  swollen,  distorted,  walls  tough,  protoplasm  clear. 

Hypluc  enlarged,  blunt  tips,  few  septa,  short  side  branches,  proto 
pfaksm  finely  granular. 

Hyphs  and  conidia  swollen  and  distorted,  no  uniformity  in  forma- 
tion of  septa,  some  hyphs,  few,  others  many;  protoplasm  coarse- 
ly granular,  filling  tubes;  walls  break  readily. 

Hyphs  larger  than  in  bensoate,  more  easily  broken,  distorted. 
Less  swollen  hypha  have  less  distortion  and  less  disorganisa- 
tion. 

Hyphs  short,  distorted  or  k>ng  and  swollen,  blunt  ends,  proto- 
plasm clear,  homogeneous  or  finely  granular. 

Hyphs  swollen,  short  thick  side  branches,  blunt  ends,  protoplasm 
finely  or  coarsely  granular. 

Hyphs  as  wide  as  germinated  conidia,  few  septa,  granular  proto- 
plasm. 

Hyphs  and  oonidia  swollen,  some  of  the  conidia  much  elongated, 
hyphal  ends  blunt,  few  septa,  protoplasm  yellow,  coarsely  gran- 
ular, protoplasm  and  walls  disorganized. 

Hyphs  enlarged,  few  septa,  protoplasm  coarsely  granular. 

Hyphs  enlarged,  some  much  swollen,  slight  distortion,  dear,  homo- 
geneous protoplasm,  thick,  stunted  conidiophores. 

Hyphs  enlarged,  slight  distortion,  protoplasm  yellow,  finely  gran- 
ular, dirty  appearance. 
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Microscopic  Appearance  of  Penicillium — Continued. 


Preservative. 

Sixeof 
Germinated 
Conidia  in  ^, 

Character ifltics  of  Development. 

Sodium  formate,  1-5% 

Sodium  formate,  1-2% 

Formic  acid,  1-5% 

13.3 

13.6 
14.0 

11.4 

41.8 

Hyptue  swollen,  coarsely  granular  protoplasm,  short  aide  branches, 
blunt  ends,  disorganized,  or  normal  size  with  fine  granules  and 
many  vacuoles,  some  i-ells  empty. 

Hyphff  swollen,  coarsely  granular,  short  side  1  rinches  which  do 
not  develop,  blunt  ends,  disorganized,  break  easily. 

Hvphs  swollen   coarselv  tcranular.  blunt  ends,  manv  broken,  cr 

Formic  acid,  1-2% 

normal  size,  finely  granular,  many  vacuoles. 

Hyphif  swollen,  coarsely  granular,  yellow,  distorted,  badly  di  • 
organized,  break  easily.    Nearly  all  germinated  oonidia  broken. 

The  sugar  aiul  salt  caused  the  hyphm  to  shrink  and  to  assume  dis- 
torted shajies  when  in  sufficient  amounts  to  cause  a  retardation.  The 
cranberry  juice,  both  raw  and  cool^ed,  also  caused  shrinkage,  and  the  raw 
juice  a  distortion.  All  of  the  others  caused  the  conidia  and  hyphie  to 
swell  and  some  of  them  also  caused  a  distortion.  The  mould  grown  in  the 
alcohol  solution  had  tough  walls  in  spite  of  the  swelling,  and  a  clear, 
sharp  appearance.  The  borax  and  boric  acid  also  produced  a  clear  ap- 
pearance. The  sodium  benzoate,  benzoic  acid,  sodium  salicylate,  salicylic 
acid,  sodium  formate,  formic  acid,  acetic  acid,  and  cinnamon  produced 
swelling,  distortion,  a  disorganization  of  both  the  protoplasm  and  cell  wall, 
and  a  yellowing  of  the  protoplasm.  The  c*ell  wall  had  no  elasticity  nor 
toughness,  so  that  the  placing  of  the  cover-glass  gently  on  a  mount  was 
sufficient  to  break  the  walls  of  the  more  distended  hyphie  and  to  allow  the 
protoplasm  to  flow  out.  The  protoplasm  appeared  to  be  without  coherence ; 
when  the  wall  gave  way,  it  flowed  in  all  directions,  as  If  It  were  composed 
of  loose  i)artlcles  having  no  cohesion.  The  sodium  sulphite,  saccharin, 
cloves,  and  chopper  sulphate  growths  had  similar  characteristics  to  those 
enumerated  for  the  other  presen'atives,  but  not  so  strongly  developed. 

In  summarizing  the  results,  there  seem  to  be  two  different  actions 
Induced  by  the  action  of  tJie  substances  on  the  protoplasm,  In  one  case  a 
plasmolyzing  effect  causing  a  shrinkage  and  distortion,  as  in  the  salt  and 
sugar,  and  in  the  other  case  a  toxic  effect  producing  a  disorganization  of 
both  the  protoplasm  and  wall,  and  a  discoloration  of  the  protoplasm,  the 
substances  showing  varying  degi'ees  f)f  toxic  power. 
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GERMINATION  FROM  PRESERVATIVK  MATERIAL. 


To  determine  if  tliere  were  n  i)ermaiient  deleterious  eflfeet  produced 
on  the  plant  tlirough  the  toxic  effect  of  the  chemicals,  inoculations  were 
made  from  two  weeks'  old  cultures  into  tomato  bouillon.  The  result  Is 
shown  in  the  table: 


Germination  of  PENiciLLirM  Grown  in  Preservative  Solutions 

14  Days. 


Pheservative. 


Control 


Sodium  ben*.  1-10% 

"  1-5%. 

"  1-2%. 

Henzoic  acid,  1-10%. 

"  1-5%. 

"  1-2% . 


Borax,  1-10% 
"       1-5% 

"       1-2% 


Boric  acid.  1-10% 
"  1-5% 
"    1-2% 


Sod.  salicylate,  1-10% 
"      "  1-5%. 

"      "  1-2% . 


Salicylic  acid,  1-10% 

"       1-5% 

i-2% 


Sod.  sulphite,  1-10% 
1-5% 
1-2% 


It  u 


Sacchirin,  1-10% 
1-5%. 
1-2%, 


Copper  sulphate,  1-10%. 
1-5%, 
1-2%, 


Number 

Days  to 

Germinate. 


2 
2 
4 

2 
4 


2 
2 


1 
2 
5 

1 
2 
1 

1 
1 


3 
2 


2 
2 
1 

3 
2 
2 


Stage  of  Developrcent  in  5  Day. 


Surface  covered,  green. 
Surface  covered,  green. 

«  K  U 

Thin  ring,  having  blue  dots . 

Surface  nearly  covered,  green. 
Small  surface  colonics*,  blue. 


Surface  covered,  green. 
One  surface  colony,  green. 


Surface  covered,  green. 

*'       nearly  covered,  green  in  center. 
Few  submerged  colonies. 

Surface  covered,  green. 


Colonies  on  surface,  green. 
Surface  covered,         " 


Surface  covered,  green 

•  (  U  II 

i«  «  M 

Colonies  on  surface,  green. 
Surface  covered,  " 

«  U  i« 
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The  germination  and  snbsetiuent  development  indicate  that  the  pre- 
servative affected  tlie  conidia  deleteriously,  as  some  were  retarded,  while 
the  conidia  from  the  solutions  showing  the  strongest  effects  on  the  previous 
development,  did  not  germinate,  excei)t  from  the  i%  boric  acid  solution 
which  formed  a  few  submergetl  colonies,  no  surface  development  taking 
place.  Lafar*  states  that  the  waterproof  character  of  the  conidial  walls 
has  a  value  in  preventing  the  entrance  of  poisons  to  the  protoplasm,  but 
in  the  cases  noted  it  is  either  dissolved  by  the  chemicals  or  powerless  to 
lirevent  their  passage,  for  the  results  indicate  that  they  exercised  a  de- 
cided toxic  effect  on  the  protoplasm. 

SUMMARY. 

Salt  and  sugar  injure  the  plant  by  preventing  normal  action  of  the 
protoplasm  through  plasmolysis. 

Alcohol  hardens  the  protoplasm  and  walls  and  prevents  development. 

Cranberry  juice,  lK)th  raw  and  cooked,  retards  development  and  causes 
shrinkage,  though  not  having  the  appearance  of  the  shrinkage  due  to  plas- 
molysis. 

All  of  the  other  chemicals  tested  acted  as  iioisons  on  the  protoplasm, 
retarding  development  and  causing  abnormal  swelling  and  disorganiza- 
tion of  varying  degrees  of  intensity  on  both  the  protoplasm  and  cell  mem- 
brane. 

I^fayette,  Ind. 

EXPLANATION  OF  PHOTOGRAPHS. 

Tlie  i)hotographs  have  the  same  magnification,  x31)5,  so  that  compari- 
sons may  be  made  as  to  the  effe(?t  of  the  preservatives.    The  8i>eclmens 

were  submerged  colonies  in  all  cases  excei)t  the  raw  cranberry  and  cinna- 

> 

mon,  and  no  submerged  colonies  develoi)ed  in  these  solutions.  The  en- 
deavor was  to  have  all  of  the  same  age.  but  this  was  impossible,  as  some 
developed  much  more  rapidly  than  others,  and  in  those  which  were  slow 
in  developing  it  was  impossible  to  determine  tlie  changes  which  the  conidia 
may  have  been  undergoing  before  the  development  had  attained  the  colony 
stage.  ITie  submerged  colonies  were  used  as  soon  as  tliey  made  their 
api)earance.  In  some  of  tlie  specimens  that  shf)w  little  or  n)  swelling  the 
disorganization  can  be  seen  in  the  collapsed  ends  of  the  hyphic  and  the 
floating  fragments  of  protoplasm. 


»  Lafar,  F.,  Technical  Mycology,  Vol.  II,  Part  1,  p.  40. 


m  bcnzoate.    The  label  k'ts  4.    Ureellum  from  5S  laltBolution. 


Mreellum  from  lOi  vinemr  (SO  ETdln.) 


11.    Hjeelium  and   enlarced   i 


IS.    Mycelium  from  l-5t  bona  solutloD. 
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Further  Notes  on  Timothy  Rust. 


By  Frank  D.  Kebn. 


At  the  last  meeting  of  the  Academy,  November  27,  1908,  the  writer 
presented  a  short  paper  on  "The  Rust  of  Timothy,"^  in  which  the  history 
of  its  occurrence  in  this  country  was  discussed  and  its  [distribution  at  that 
time  was  given.  The  remarlc  was  made,  although  not  incorporated  in  the 
paper,  that  this  rust  had  not  yet  been  reported  from  Indiana  but  that  it 
was  l)ecoming  more  general  in  its  distribution  and  might  he  expected  here 
sooner  or  later.  Since  this  prediction  has  come  true  within  the  year  it  is 
considered  worthy  of  mention  at  this  time.  A  collection  consisting  only 
of  summer  spores  (urediniospores)  was  made  in  October,  1909,  near  Co- 
lumbus, Indiana.*  Last  year  the  fungus  was  known  in  states  both  east 
and  west  of  Indiana,  so  that  while  this  rei)ort  does  not  extend  the  range 
geographically,  it  is  nevertheless  of  especial  interest  since  it  is  the  first 
definite  information  we  have  of  its  advent  into  the  State.  A  second  col- 
lection made  in  November  at  the  same  locality  shows  also  a  few  winter 
spores  (teliospores).  It  is  of  further  interest  to  note  that  where  the  rust 
was  found  it  was  low  ground  with  unusually  rich  soil.  The  place  was 
originally  a  wet  swamp  but  is  now  tile-drained.  None  was  found  on  the 
high  land  adjoining.  Low  regions  furnish  more  moisture  in  the  atmos- 
phere surrounding  the  plants,  especially  at  nights,  and  this  means  better 
conditions  for  the  germination  of  the  spores. 

In  the  paper  read  last  year  it  was  said  that  this  rust  was  seemingly 
increasing  in  its  distribution.  The  season  of  1909  has  proved  the  correct- 
ness of  this  prediction.  A  specimen  was  collected  in  Septeml)er,  1909,  in 
Maine  by  Dr.  J.  C.  Arthur.  This  is  the  first  collection  that  the  writer  has 
seen  from  the  New  ]^ngland  states.  Last  year  Wisconsin  was  the  most 
western  state  which  had  reported  the  rust.  This  year  it  has  been  found 
as  far  west  as  Minnesota,  according  to  a  report  recently  received  from 
an  official  of  the  U.  S.  Department  of  Agriculture. 


*  Only  an  abstract  of  this  paper  appeared  in  the  Proceedings  of  the  Academy 
for  1908,  p.  85,  but  it  was  published  in  full  In  Torreya,  a  Journal  of  the  Torrey 
Botanical  Club,  Vol.  9,  pp.  3-5,  Jan.,  1909. 

•This  collection  was  made  by  Mr.  C.  G.  Hunter,  on  his  farm  near  Columbus, 
and  communicated  by  him  to  the  writer. 

[27—28008] 
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The  present  known  range  Is  from  Maine  west  to  Minnesota,  south  to 
West  Virginia  and  Indiana.  Collections  from  the  following  states  have 
been  examined  by  the  writer  and  are  represented  by  si)ecimens  in  the 
herbarium  of  Dr.  J.  C.  Arthur  at  Purdue  University,  where  the  writer 
has  carried  on  the  major  part  of  his  studies.  The  collectors*  names  are 
Included  In  parentheses. 

Delaware  (Jackson). 

Indiana  {Hunter), 

Maine  {Arthur), 

Michigan  {Arthur,  Kern). 

New  York  {Wehberj  ReddUk,  Kdgerton,  intone). 

Ontario  {Arthur,  Dearness). 

Pennsylvania  {Sumstinc). 

West  Virginia  {Sheldon). 

Wisconsin  {Darts). 

During  the  year  no  additional  facts  have  been  brought  out  which 
throw  any  light  on  the  specific  standing  of  the  timothy  rust.  The  writer 
is  still  of  the  opinion  that  it  is  not  entitled  to  specific  rank  and  would  in- 
clude it  under  Puccinia  poculiformis  (.lacti.)  Wettst.  {PucxHnia  graminis 
Pers.)  The  statement  made  last  year  could,  perhaps,  be  somewhat  modi- 
fied. Rather  than  calling  It  a  race,  physiological  species  or  form  species, 
it  might  be  better  to  consider  it  a  variety  or  subspecies  since  it  does,  as 
previously  [pointed  out,  possess  some  slight  morphological  differences  from 
the  typical  form,  particularly  in  the  smaller  lecial  cups  and  the  more  deli- 
cate uredinial  mycelium. 

Purdue  University, 
Lafayette,  Ind. 
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The  Woodlot  for  Central  Indiana. 


By  E.  C.  Pegg  and  M.  B.  Thomas. 


INTRODUCTION. 

The  purpose  of  this  paper  is  to  show  as  accurately  as  possible  with  the 
information  at  hand  the  conditions  of  central  Indiana  woodlots  and  to 
make  suggestions  for  their  improvement  and  perpetuation. 

A  SHORT  HISTORY  OF  INDIANA'S  FORESTS. 

Early  explorers  of  Indiana  found  a  wilderness  of  giant  trees.  Upon 
the  tops  of  hills  and  higher  ground  were  such  trees  as  beech,  hickory,  oak, 
hard  maple,  walnut,  ash  and  tulip;  in  the  richer  lowlands  were  the  elms, 
buckeye,  basswood  and  soft  maples;  and  tall  sycamores  and  overhanging 
willows  lined  the  banks  of  the  streams.  It  was  not  uncommon  to  find 
trees  nearly  two  hundred  feet  in  height  and  twenty  to  twenty-five  feet  in 
circumference.  Everywhere  smaller  trees,  shrubs  and  herbaceous  plants 
struggled  for  their  requisite  amounts  of  sunlight.  A  spongy  mass  of  forest 
litter  made  a  floor  that  held  rainfall  and  fed  the  innumerable  springs, 
which  in  their  turn  supplied  the  streams  and  rivers  with  a  constant  and 
uniform  volume.     Such  was  the  unbroken  forest. 

Clearing. — It  was  soon  discovered  that  Indiana's  soil  was  well  adapted 
to  agriculture.  The  early  settlers  began  the  work  of  forest  destruction  by 
clearing  their  homesteads  for  agricultural  purposes.  Regular  log-rollings 
were  held  at  which  tree  after  tree  was  cut  down,  piled  in  log  heaps  and 
burned.  Such  work  at  that  time  was  Justifiable  because  timber  was  very 
plentiful  and  because  the  ground  thus  cleared  was  necessary  to  furnish 
a  living  for  the  ever  increasing  population. 

Lumhering. — For  this  reason  much  of  the  land  was  cleared.  Official 
records,  which  begin  in  1870,  show  an  acreage  of  7,189,334  acres  in  tim- 
l)ered  lands.  In  1880  only  4,;i35,000  acres  were  left  As  Indiana  became 
more  thickly  settled,  better  houses,  cities,  roads,  railroads  and  factories 
were  being  built,  each  requiring  a  certain  amount  of  timber  for  construc- 
tion. And  In  additional  ways  the  consumption  steadily  increased.  The 
towns  and  cities  afforded  market  places,  the  roads  and  railroads  a  means 
of  transportation  for  lumber.    Thus  began  the  other  chief  influence  in 
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forest  destruction.  By  1890  over  2,500,000  acres  more  were  cleared,  of 
which  75,000  acres  became  waste  land.  The  timber  supply  of  the  East 
was  falling,  the  demand  increasing.  Then  Indiana  ranked  fifth  with  the 
states  of  the  Union  in  the  total  output  of  lumber.  In  1907  she  ranked 
twenty-seventh. 

At  the  present  time  there  are  probably  less  than  a  million  acres  of 
woodland  in  the  State.  This  fact  shows  us  the  truth  of  the  prophecy  made 
twenty-five  years  ago  that  "At  the  present  rate  of  consumption  the  forests 
of  the  State  must  soon  cease  to  be  commercially  important."  Very  little 
now  remains  of  the  once  seemingly  inexhaustible  supply  of  valuable  tim- 
ber, such  as  oak,  walnut  and  yellow  poplar. 

Formation  and  Evolution  of  the  Woodlot. — It  is  with  this  small  re- 
mainder, esi)eclally  that  portion  which  lies  in  the  central  part  of  the  State, 
that  this  pai)er  deals.  Formerly  the  farmer  removed  only  the  timber  on 
the  land  he  actually  needed  for  agricultural  pursuits.  Gradually,  as  his 
needs  increased,  he  extended  the  boundaries  of  his  fields.  The  trees  which 
he  removed  more  than  furnished  him  with  firewood  and  other  necessary 
timber.  But  when  a  market  was  opened  up  the  owners  began  to  cut  the 
still  vast  forests  for  purely  financial  reasons.  These  became  more  and 
more  exhausted  until  now  very  few  acres  of  virgin  timber,  and  compara- 
tively few  of  any  kind,  remain.  The  farmer  is  at  present  apparently  sat- 
itfied  with  liis  acreage  of  cultivated  land,  good  timber  is  too  scarce  for 
extensive  clearing  or  sale,  and  he  is  willing  that  a  small  portion  of  his 
farm  should  remain  covered  with  a  more  or  less  depleted  forest  In  order 
to  provide  wood  for  general  purposes  about  the  farm.  These  are  the  chief 
reasons  for  the  presence  of  a  woodlot  today.  Some  timber  was  left  be- 
cause it  was  diflicult  to  reach.  Other  tracts  were  left  because  of  the  pas- 
turage they  afforded  in  the  grass  which  sprang  up  when  the  dense  forest 
cover  was  partially  removed.  So,  for  one  reason  or  another,  or  purely 
by  accident,  certainly  not  from  choice,  the  woodlot  of  today  occupies  the 
position  it  does,  oftentimes  on  the  best  land  of  the  farm. 

Present  Conditions. — To  get  an  idea  of  the  present  condition  of  these 
woodlots  one  need  only  travel  a  few  miles  In  the  country.  In  the  distance 
he  can  see  trees  in  a  seemingly  unbroken  line.  Closer  examination,  how- 
ever, shows  them  to  be  in  small,  scattered  patches  ten  to  thirty  acres  in 
extent.  After  the  best  trees  had  been  cut  out  and  sold,  the  custom  of  cut- 
ting trees  for  special  uses,  such  as  handle  stock  and  spoke  material,  led 
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to  the  removal  of  the  next  best.  All  the  most  valuable  species,  black  wal- 
nut, yellow  poplar,  white  ash  and  the  best  oaks,  have  been  cut  away,  leav- 
ing only  a  few  maples,  beech,  Iron  wood,  buckeye  and  the  like.  Many  of 
these  are  crooked,  defective  and  otherwise  undesirable.  At  no  time  has 
any  care  l)een  exercised  to  protect  the  undergrowth  of  young  seedlings. 
The  floor  also  presents  a  very  different  appearance  from  what  it  once  did. 
A  dense  bluegrass  sod  has  taken  the  place  of  the  undergrowth  and  rich 
forest  litter  destroyed  by  constant  pasturage.  A  heavy  growth  of  grass  is 
in  itself  an  enemy  of  trees,  for  it  not  only  makes  reproduction  harder  but 
also  smothers  the  roots  of  those  already  growing  and  robs  the  soil  of  mois- 
ture so  essential  to  good  tree  development 

Some  may  ask  what  it  matters  if  the  conditions  are  thus.  Are  not 
the  farmers  in  Ijetter  circumstances  now  than  they  were  forty  years  ago, 
yes,  even  ten  years  ago?  Financially  they  are,  but' with  wise  and  proper 
management  of  their  woodlots  they  could  realize  still  larger  profits  from 
their  farms.  , 

THE  WOODLOT. 

USES. 

There  are  many  reasons  why  woodlots  are  valuable.  They  furnish 
timber  for  all  farm  needs,  protect  buildings  and  crops,  shelter  live  stock 
and  materially  help  in  preventing  erosion  and  in  ornamenting  the  country. 

Firewood. — ^B^rewood  comes  first  in  the  list  of  timber  used  for  farm 
purposes.  The  early  methods  of  using  wood  in  a  fireplace  were  wasteful. 
The  introduction  of  stoves  resulted  In  a  great  saving  of  fuel.  But  fuel 
production  was  not  the  only  purpose  served  by  the  forest  Now  lack  of 
timber  and  the  cost  of  getting  crooked  and  knotty  trees  cut  into  firewood 
have  compelled  the  use  of  a  substitute.  Most  farmers  would  be  glad  to 
have  again  a  plentiful  supply  of  cheap  fuel. 

Posts. — ^The  setting  of  1,000,000,000  (estimated)  fence  posts  per  year 
shows  us  another  very  important  use  for  timber.  According  to  the  last 
census  8,715,661  of  these  posts  were  produced  from  the  regular  logging 
camps  of  the  country.  The  use  of  these  posts  as  supports  for  woven  wire 
fence  is  very  economical  when  compared  to  the  former  practice  of  building 
rail  fences,  many  of  which  were  of  black  walnut,  the  most  valuable  timber 
Indiana  ever  produced.  Their  gradual  displacement  by  wire  or  picket 
fences  is  a  great  step  towards  forest  preservation. 
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General  Farm  Uses, — ^Then  there  are  other  innumerable  general  uses 
about  the  farm  for  poles,  boards  and  lumber.  After  all  these  needs  are 
satisfied  there  should  remain  some  timber  (logs  and  railroad  ties)  for 
market 

Climatic  Influences. — The  influence  of  woodlots  on  the  climate  makes 
their  presence  desirable.  A  great  deal  has  been  written  about  forests  as 
a  factor  In  rainfall,  but  it  has  never  been  satisfactorily  proved  that  they 
increase  the  total  amount.  It  Is  known,  however,  that  about  twenty-eight 
per  cent  less  of  the  annual  rainfall  Is  evaporated  within  the  woods  than 
outside  of  them,  and  that  the  mean  annual  temperature  of  forest  soil  is 
about  twenty-one  degrees  lower  than  that  of  cultivated  fields.  In  summer 
this  cool  soil  tempers  the  air  above,  and  by  starting  currents  from  the  ad- 
joining fields  lowers  their  temperature.  Besides,  woodlots,  if  situated 
in  favorable  positions,  check  strong  winds,  In  this  way  protecting  farm 
buildings  and  preventing  fruit  trees  and  crops  from  being  blown  down. 

Shelter, — ^A  woodlot  is  invaluable  for  the  shelter  it  affords  to  live 
stock  in  both  summer  and  winter.  Less  food  is  required  to  maintain  the 
body  warmth  of  animals  when  they  are  well  protected  from  the  cold  win- 
ter winds.  Therefore  the  use  of  grain  in  fattening  stock  is  much  econo- 
mized. The  cool  shade  offered  by  a  small  portion^  fenced  ofT  from  the  best 
part  of  the  woodlot  prevents  fattening  animals  from  losing  flesh  during 
the  hot  weather. 

Aesthetic, — But  these  uses  are  not  all.  Every  one  knows  that  a  good 
strip  of  timber  greatly  increases  the  value  of  a  farm,  for  by  this  means 
not  only  the  beauty  of  individual  farms  But  also  that  of  the  entire  com- 
munity Is  Increased  as  much,  if  not  more,  than  by  more  expensive  improve- 
ments. For  no  other  reason  than  this  each  farmer  should  strive  to  main- 
tain a  well  managed  woodlot 

Water  Supply. — Forests  at  the  head  waters  of  streams  regulate  their 
flow.  As  has  been  said  before,  the  amount  of  evaporation  within  the  forest 
is  much  less  than  that  outside  because  the  loose  litter  offers  little  capil- 
larity to  the  water  content  of  the  soil  and  also  permits  of  a  more  rapid 
absorption  of  heavy  rainfall.  The  water  is  then  given  out  to  the  springs 
and  streams  in  an  almost  constant  supply. 

Erosion. — The  problem  of  erosion  is  a  very  perplexing  one,  especially 
In  a  rolling  country.  The  unlimited  removal  of  forests  has  left  but  little 
resistance  to  the  flowing  away  of  rainfall,  for  everywhere  the  soil  is  more 
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or  less  hard  and  compact.  Water  speedily  runs  over  the  surface,  carrying 
soil  and  debris,  which  it  deposits  In  the  beds  of  streams.  Places  which 
wash  badly  are  exceedingly  common  and  cause  the  loss  of  much  tillable 
laud. 

THE   MODEL  WOODLOT. 

After  a  review  of  the  reasons  for  maintaining  woodlots  it  is  well  to 
consider  the  organization  of  a  model  woodlot. 

Number  of  Trees. — It  should  contain  the  number  of  trees  consistent 
with  the  most  rapid  development  of  the  best  timber.  Trees  should  stand 
close  enough  in  youth  to  stimulate  growth  In  height  and  to  produce  long, 
clear  trunks.  As  the  stand  approaches  maturity  more  and  more  space  is 
required  for  each  tree  until  at  last  probably  only  one  hundred  and  fifty  to 
two  hundred  trees  of  the  original  three  or  four  thousand  remain  per  acre. 
Thinning  is  brought  about  naturally  by  the  struggle  for  supremacy. 

Distribution  and  Soil  Cover, — ^Trees-  should  be  evenly  distributed  over 
the  entire  area,  always  close  enough  together  to  prevent  many  direct  rays 
of  the  sun  from  reaching  the  ground  in  summer,  since  the  large  openings 
give  grass,  a  very  dangerous  enemy  of  forests,  a  chance  to  grow.  The  ideal 
soil  is  loose,  porous,  rich  in  vegetable  mould  and  is  covered  with  a  thick 
mat  of  leaves  and  leaf  humus  to  the  exclusion  of  all  grass  and  light-de- 
manding weeds. 

Forest  Cover, — The  trees  which  should  be  found  in  a  woodlot  depend 
upon  two  factors — (1)  the  economic  value  and  (2)  silvical  characteristics. 
Such  trees  as  black  walnut,  black  cherry,  ash,  oak,  maple  and  poplar  have 
the  greatest  economic  values.  The  other  factor  has  to  do  principally  with 
the  soil,  moisture  and  light  requirements.  For  example,  sugar  maple  re- 
quires rich  upland  soil  and  very  little  sunlight  for  its  best  development, 
while  sycamore  will  grow  on  any  wet  soil  if  it  has  plenty  of  light.  Thus 
we  shall  find  in  a  model  woodlot  the  species  best  suited  to  the  soil,  water 
supply  and  the  uses  to  which  the  timber  is  to  be  subjected.  In  no  case 
should  there  l>e  any  worthless  species. 

Reproduction, — In  order  to  maintain  the  desired  acreage  of  our  timl)€r 
producing  area  some  efficient  method  of  reproduction  is  necessary.  This 
is  usually  found  in  the  presence  of  large  and  mature  seed-bearing  trees, 
which  scatter  their  fruits  over  long  distances  until  they  find  lodgment  in 
places  suitable  for  germination.    Another  method  of  reproduction  is  by 
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stump  sprouts  or  coppice  growth.  However,  the  size  and  quality  of  the 
timber  produced  in  this  way  is  much  inferior  to  that  formed  from  seed- 
lings. For  quiclj  reproduction,  advantage  of  this  sprouting  tendency  should 
be  talien  in  trees  like  the  oak,  basswood,  catalpa  and  hickory. 

HOW   TO  BEACH   THE  MODEL. 

The  next  point  to  demand  our  attention  Is  how  to  bring  the  existing 
woodlots  into  model  conditions.  The  examination  of  this  problem  may 
be  conveniently  considered  under  three  heads:  (1)  Protection,  (2)  Gen- 
eral Improvement  Cuttings,  and  (3)  Improvement  of  Type  Stands. 

PROTECTION. 

The  necessity  for  protection  arises  from  the  loss  occasioned  by  graz- 
ing, fire,  insects,  fungi,  wind  and  careless  work  In  the  woods. 

Grazing, — Grazing  injures  a  forest  in  two  ways — by  browsing  and  by 
trampling.  Domestic  animals  browse  sprouts  and  young  seedlings,  break 
off  shoots  and  buds  and  gnaw  the  bark  of  trees.  By  the  destruction  of 
herbage  the  sharp  hoofs  of  sheep  cause  loose  soil  to  become  looser  and 
stiff  soil  to  become  more  compact.  Cattle  and  horses  are  much  less  harm- 
ful than  sheep  about  trampling,  although  their  hoofs  frequently  tear  away 
small  rootlets.  This  disturbance  of  the  soil  and  soil  cover  seriously  Inter- 
feres with  its  water  supply.  In  general  the  results  of  grazing  make  it 
imperative  to  exclude  all  stock  from  the  woodlot. 

Fire. — Fire  Is  another  great  enemy  of  forests.  The  leaf  litter  and 
humus,  young  growth  upon  which  the  future  supply  depends,  and  mature 
trees  are  all  affected.  A  single  fire  does  not  usually  seriously  injure  older 
trees  but  a  series  of  fires  either  burns  them  up  completely  or  leaves  them 
in  such  a  weakened  condition  that  they  are  blown  down  by  wind  or  at- 
tacked by  insects  and  fungi,  and  then  furnish  a  source  of  infection  for 
other  trees.  But  in  this  thickly  settled  region  fires  are  easily  handled, 
for  they  can  readily  be  seen  and  extinguished. 

Insects, — The  following  conclusions  regarding  insect  injury  have  been 
drawn  from  a  careful  Investigation  of  the  existing  conditions  throughout 
the  state:* 

(1)  Insects  causing  the  death  of  the  tree: 

(a)  Found  In  extensive  numbers  and  causing  serious  injury,  as  fol- 
lows:   Bark  beetles  on  ot^ks,  hickories  and  locust. 


♦Report  of  State  Board  of  Foresty,  1907. 
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(b)  Found  in  limited  numbers  and  causing  secondary  injury  as  fol- 
lows:   Bark  beetles  on  walnut,  cherry,  hackberry,  elm,  mul- 
l>erry  and  ash ;  bark-boring  grubs  on  oak  and  chestnut. 
(2)  Insects  not  causing  the  immediate  death  of  the  tree: 

(a)  Found  doing  serious  damage  to  timber  as  follows:    Carpenter 

worm  on  oak;  wood  borers  on  hickory;  powder  post  borers 
on  hickory. 

(b)  Injury  to  foliage:     Nearly  all  species  of  trees  found  affected 

by  one  or  more  of  the  following  forms,  of  which  all  except 
the  cottony  maple  scale#  cause  little  damage :  Leaf  eaters, 
leaf  miners,  leaf  rollers,  saw  flies,  scale  insects  and  gall  flies. 

The  bark  and  wood  borers  can  usually  be  detected  by  pits  or  deposits 
of  fine  sawdust  around  the  holes.  About  the  only  remedy  is  to  remove 
the  infected  trees  at  such  times  as  will  prevent  the  hatching  of  the  larvae. 
Damage  due  to  leaf  insects  is  usually  so  slight  that  it  may  practically  be 
disregarded. 

Fungi, — Fungi  attack  trees  in  several  ways.  Some  kill  the  roots, 
otherfe  grow  upward  from  the  ground  Into  the  trees  and  change  the  soimd 
wood  of  the  trunks  to  a  useless,  rotten  mass  or  leave  only  a  hollow  shell. 
The  spores  of  others  come  in  contact  with  every  part  of  the  tree  as  they 
float  about  through  the  air.  These  spores  flnd  a  very  suitable  place  for 
germination  If  they  fall  on  wounds.  By  removing  infected  trees  and  de- 
stroying old  logs  fungous  diseases  may  be  fairly  well  controlled. 

Wind. — Wind-blown  timber  frequently  exists  in  open  or  unprotected 
stands  and  In  moist  places  where  root  systems  are  shallow.  Trees  weak- 
ened by  fire,  fungous  and  Insect  attacks  are  easily  broken  off.  Of  course 
the  mature  trees  may  be  partially  or  wholly  utilized.  The  greatest  dam- 
age is  done  to  those  for  which  there  is  no  immediate  use. 

Woodlots  which  have  been  unprotecte<l  from  the  time  they  were  com- 
paratively small  usually  have  their  own  windbreaks  made  by  the  develop- 
ment of  numerous  side  branches.  A  strip  a  few  rods  wide  along  exposed 
margins  of  woods  should  always  be  kept  as  dense  as  possible.  The  de- 
velopment of  brush  and  undergrowth  should  be  encouraged.  Unless  there 
are  others  to  take  their  places  no  trees  should  be  cut  in  this  protective  area 

Should  It  be  necessary  to  plant  a  windbreak  it  Is  best  to  employ  two 
species,  one  a  rapid  grower  to  provide  early  protection,  the  other  of  slower 
growth  to  make  a  permanent  and  more  efficient  shield.    Carolina  poplar. 
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black  walnut  and  catalpa  are  types  of  the  first  class,  and  any  of  the  ever- 
greens types  of  the  second  class.  The  spacing  should  be  about  four  feet 
in  rows  six  feet  apart.  At  least  half  of  the  trees  should  be  removed  when 
they  begin  to  crowd  badly.  When  a  good  protection  has  been  well  estab- 
lished  trees  may  be  removed  anywhere  within  the  grove  with  practically 
no  danger  of  windfall. 

Work  in  Woods, — Another  important  thing  to  keep  in  mind  is  care 
while  working  in  the  woods.  The  object  of  management  is  to  have  new 
trees  of  the  most  desirable  species  to  replace  as  soon  as  possible  those 
which  are  removed.  Therefore  it  is  necessary  to  protect  young  growth. 
Care  should  be  taken  in  felling  trees  not  to  injure  others  nor  crush  young 
seedlings.  Brush  should  be  piled  in  places  where  danger  to  timber  from 
fire  is  reduced  to  a  minimum. 

IMPROVEMENT. 

The  second  part  of  our  examination,  general  improvement  cuttings, 
deals  with  defective  and  infected  trees,  tree  weeds  and  a  general  plan 
for  harvesting. 

Defective  and  Infected  Trees. — Many  woodlots  contain  stag-headed  or 
entirely  dead  trees  which  are  rapidly  decreasing  in  value.  They  spoil  the 
beauty  of  a  grove  as  well  as  furnish  a  convenient  place  for  beetles  and 
fungi  to  live  and  propagate.    They  should  be  removed  immediately. 

Tree  Weeds. — ^Tree  weeds  are  another  waste  of  our  resources.  A 
tree  weed  occupies  space  in  a  timber  stand  but  has  comparatively  little 
value.  Ironwood,  water  beech,  dogwood,  scrub  oak,  pawpaw  and  sassa- 
fras are  examples.  It  Is  advisable  to  remove  these  as  well  as  the  dead, 
dying  and  infected  trees  at  once  unless  by  so  doing  large  spaces  are  opened 
up  in  the  forest  cover  which  will  not  close  before  grass  has  a  chance  to 
start 

Mature  Cutting. — One  more  general  rule  of  improvement  is  in  regard 
to  cutting.  Usually  only  such  trees  as  have  passed  their  maturity  or  the 
point  where  the  amount  of  wood  formed  each  year  l>egins  to  decrease  should 
be  cut.  And  no  more  wood  should  be  removed  than  is  actually  grown.  Thus, 
if  a  woodlot  is  producing  five  cords  of  wood  annually,  it  is  better  to  cut 
five  or  only  four  cords  than  six.  If  a  method  like  this  is  used  and  care 
taken  to  keep  the  ground  fully  stocked  with  thrifty  young  trees  the  wood- 
lot  may  be  kept  up  indefinitely. 
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Coppice. — In  cutting  the  following  suggestions  should  be  kept  in  mind : 
Stumps  should  be  cut  low  in  order  that  the  sprouts  may  become  inde- 
pendent of  the  old  root  system  as  soon  as  possible;  they  should  be  cut 
smooth  and  slanting  or  have  the  sharp  edges  removed  so  as  to  prevent 
water  from  collecting  on  them,  for  in  such  cases  they  are  apt  to  rot  and 
infect  the  sprouts;  care  should  be  taken  not  to  tear  the  bark  from  the 
stump  since  this  often  prevents  buds  from  developing  at  the  root  collar; 
the  sprout  should  be  cut  when  the  sap  is  down,  early  spring  or  late  fall, 
for  when  cut  in  midsummer  frosts  are  apt  to  kill  the  new  sprouts  which 
start  up,  before  their  growth  is  completed  and  their  wood  hardened. 

MATURE  OPEN   STANDS. 

Character. — Most  woodlots  are  remnants  of  the  original  hardwood 
forest.  The  valuable  straight  grained  and  easy  splitting  trees  have  been 
cut  for  lumber  or  firewood.  Those  which  remain  have  received  no  at- 
tention. They  are  mature,  crooked,  knotty  or  badly  diseased  and  grow 
in  clumps  or  are  scattered  over  the  lot.  Few  are  of  any  value.  Almost 
all  these  timbered  tracts  have  been  used  for  pasture,  and  as  a  result  of 
constant  grazing  the  ground  is  covered  with  a  thick,  heavy  bluegrass 
sod  to  the  exclusion  of  desirable  young  growth.  If  any  reproduction  does 
occur  it  is  very  irregular  and  is  composed  mostly  of  weed  species. 

Treatment. — ^The  treatment  of  such  stands  depends  upon  the  degree 
to  which  it  has  deteriorated,  its  location  and  the  owner's  need  for  timber. 
If  it  is  on  land  better  suited  for  agriculture  and  the  farmer  is  more  in 
need  of  fields  than  timber,  probably  the  best  thing  to  do  would  be  to  re- 
move the  timber  completely  and  cultivate. 

But  if  the  lot  is  to  be  rejuvenated,  the  first  step  to  take  is  to  exclude 
all  live  stock.  Should  it  be  necessary  to  keep  some  of  the  woodland  for 
pasture  the  thriftiest  portions  should  be  fenced  off  and  most  of  the  trees 
removed  from  the  remainder.  More  timl)er  and  more  grass  can  be  pro- 
duced separately  than  together.  The  next  step  is  to  remove  tree  weeds 
and  other  trees  whose  value  is  decreasing.  The  remainder  will  furnish 
seed.  In  order  that  the  seeds  may  have  the  best  possible  conditions  for  ger- 
mination the  sod  should  be  broken  up  by  means  of  a  bull-tongue  plow  or 
disc  harrow.  A  rank  growth  of  briars  and  weeds  will  probably  spring  up 
as  soon  as  the  sod  is  removed,  but  these  make  a  very  good  protection  under 
which  the  young  seedlings  are  to  develop.    Soon  the  new  growth  kills  out 
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the  weeds  and  briars  and  rapidly  establishes  a  good  stand.  Should  other 
si)ecies  than  those  present  be  desired  it  is  necessary  to  plant  them.  As 
soon  as  reproduction  is  well  under  way  the  mature  trees  may  be  cut 
Still  it  is  a  wise  plan  to  leave  some  of  them  for  seed  and  to  furnish  timber 
while  the  new  crop  is  growing. 

IRBEGULAB,   UNEVEN-AGED   STANDS. 

Character, — It  is  from  the  irregular,  imeven-aged  stands  that  we  ex- 
pect the  earliest  good  results.  These  are  parts  of  the  original  forest  re- 
tained in  almost  virgin  condition.  Some  are  dense,  others  more  or  less 
open.  In  them  the  soil  is  almost  ideal,  but  not  so  with  the  forest  Fun- 
gous and  insect  hosts,  old  logs  in  various  stages  of  decay,  are  scattered 
over  the  ground.  Many  of  the  trees  are  mature  but  in  very  poor  condi- 
tion. Some,  however,  are  large  and  have  long,  smooth  trunks  and  com- 
pact crowns.  Increase  in  height  has  practically  ceased  and  diameter 
growth  is  very  slow.  A  young  growth  of  various  species,  many  of  which 
are  undesirable,  fills  up  small  openings  made  by  fallen  trees.  On  the 
whole  the  forest  capital  is  slowly  but  surely  decreasing,  for  the  amount 
of  timber  produced  annually  is  more  than  offset  by  death  and  deteriora- 
tion  of  the  overmature  trees. 

Improvement. — The  first  requirement  for  the  improvement  of  this  type 
is  the  same  as  for  mature  open  stands ;  that  is,  the  removal  of  tree  weeds 
and  the  species  undesirable  for  other  reasons.  The  next  process,  thinning, 
is  brought  about  naturally  by  shading.  Trees  which  are  crowded  while 
young  try  to  get  their  crowns  into  sunlight,  and  consequently  produce  long, 
slender  stems.  If,  after  a  sufficient  height  has  been  reached,  space  is 
given  for  increased  root  and  foliage  development,  an  increase  in  wood  pro- 
duction occurs.  This  increase  takes  place  in  diameter  growth,  since  there 
is  no  longer  any  Incentive  for  height  growth.  The  purpose  of  artificial 
thinning  is,  then,  to  accelerate  diameter  growth  as  much  as  possible,  to 
substitute  for  nature's  wasteful  struggle  a  systematic  removal  of  weaker 
and  inferior  trees,  leaving  as  many  of  the  good  ones  as  can  develop  with- 
out retardation  for  a  given  period. 

Thinning. — This  process  requires  considerable  judgment  and  experi- 
ence, for  special  attention  is  given  to  the  trees  which  are  to  remain  rather 
than  to  those  which  are  to  be  cut.  Of  course  the  most  valuable  and  rapid 
growing  species  take  precedence  over  others.  The  following  list  will  serve 
as  a  guide,  although  it  is  by  no  means  invariable : 
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Species  si)eciaHy  favored :  oak,  hickory,  ash,  black  walnut 

Species  of  less  value:  yellow  poplar,  butternut,  basswood,  maple,  elm, 
beech. 

Species  usually  removed:  ironwood,  Cottonwood,  sassafras,  water 
beech,  etc. 

The  character  of  the  tree  is  more  important  than  the  species.  Tall, 
straight  trees  with  well  developed,  thrifty  top  are  left  in  preference  to 
those  which  are  spindling,  weak-topped,  crooked  or  unsound.  In  a  group 
of  equally  good  trees  it  is  often  best  to  remove  one  or  more,  for  by  so 
doing  the  remaining  trees  will  produce  more  wood  than  all  of  them  had 
they  been  left  undisturbed.  Trees  with  their  crowns  entirely  exposed  to 
sunlight  are  seldom  removed  unless  a  number  of  thrifty  ones  will  be  as- 
sisted. Those  completely  overtopped  by  others  have  ceased  to  be  a  factor 
in  the  growth  of  the  stand  and  may  be  cut  whenever  their  wood  will  pay 
for  their  removal.  Another  class  of  trees  are  those  which  receive  sun- 
light from  above  but  which  have  their  sides  shaded.  It  Is  in  this  class, 
where  the  struggle  for  existence  is  most  severe  and  where  the  greatest 
economy  of  energy  can  be  brought  about,  that  most  thinning  is  done.  It 
Is  better  to  make  light  thinnings,  never  more  than  a  fifth  of  the  stand  at 
a  time,  than  to  remove  too  many  at  once,  for  this  opens  up  large  patches 
of  ground  which  dry  out  on  exposure  to  sun  and  wind  and  furnish  an  ex- 
cellent opportunity  for  the  growth  of  gi-ass  and  undesirable  brush.  It  is 
not  safe  to  say  that  this  species  must  be  removed  to  make  room  for  that 
or  that  three  sprouts  must  be  cut  from  a  group  of  six.  All  the  Improve- 
ment thinnings  must  be  made  upon  the  judgment  of  the  operator. 

In  the  woods  which  contain  large  open  spaces  here  and  there  trees 
should  be  planted  as  in  mature  open  stands.  In  any  case  growth  of  young 
trees  and  shrubs  should  not  be  hindered  but  rather  encouraged  on  a  strip 
at  least  two  rods  wide.    A  windbreak  should  be  planted  if  necessary. 

YOUNG    STANDS. 

Character. — ^The  third  type  of  woodlots  Is  the  young  stand.  The 
ground,  seeded  by  the  trees  left  after  all  merchantable  timber  was  cut, 
has  become  covered  with  second  growth  trees  four  to  twelve  inches  in 
diameter  and  twenty  to  fifty  feet  in  height.  Many  of  them  are  straight 
and  thrifty,  but  many  more  are  gradually  being  suppressed  and  are  dying. 
Trees  in  little  groups  here  and  there  which  started  from  seed  the  same 
year  are  so  evenly  matched  In  size  that  growth  is  temporarily  arrested. 
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Care. — ^The  seed  trees  which  determined  the  composition  of  the  young 
stand  are  becoming  useless  through  decay  and  other  defect^  Often  there 
are  grape  vines,  old  fire-scarred  snags  and  other  material  with  which  the 
lot  could  well  dispense.  These  should  be  removed.  At  the  same  time  a 
thinning  could  profitably  be  made  if  the  stand  is  too  thick.  The  alms  and 
results  of  thinning  have  already  been  discussed. 

PLANTING. 

Under  this  subject  the  main  points  of  planting  and  growing  woodlots 
are  mentioned  for  the  benefit  of  those  who  wish  to  have  more  timber  than 
can  grow  on  the  land  already  forested. 

Location, — In  general  not  less  than  one-eighth  of  a  farm's  total  area 
should  be  in  woodland.  Some  have  more  than  this  amount,  but  many 
others  have  practically  not  a  single  acre  in  woods.  As  has  been  said  be- 
fore, the  woodlots  existing  at  present  have  little,  if  any,  relation  to  farm 
buildings.  A  little  corner  cut  off  by  a  stream  or  railroad,  or  land  other- 
wise unfit  for  agriculture  because  of  steepness,  rocks,  etc.,  furnish  a  place 
to  plant  a  woodlot.  It  would  be  well  if  these  so-called  waste  portions 
were  so  situated  that  timber  growing  on  them  could  form  a  windbreak. 
This  idea  of  protection  should  always  come  into  consideration  when  pre- 
paring to  plant. 

Species. — Whatever  the  opinions  of  individual  nurserymen  may  be 
regarding  the  species  to  plant,  there  will  never  be  found  trees  better  suited 
to  any  region  than  those  which  are  natural  to  its  soil.  For  central  In- 
diana we  recognize  white  oak,  red  oak  and  burr  oak,  ash,  walnut,  hickory, 
sugar  maple,  black  cherry  and  elm  as  types  for  lumber;  and  osage  orange, 
black  locust,  coffee  tree,  catalpa,  etc.,  as  types  best  suited  for  the  produc- 
tion of  posts,  poles  and  ties,  (^areful  examination  of  the  soil  should  also 
be  made,  and  only  such  species  which  will  develop  best  under  the  existing 
conditions  should  be  planted.  These  two  points  were  brought  out  fully 
under  the  topic  "Forest  CJover"  in  "The  Model  Woodlot." 

Preparation  of  the  Ground. — The  ground  should  be  plowed,  harrowed 
and  worked  into  as  good  condition  as  for  any  agricultural  crop  In  order 
to  secure  the  best  results.  However,  it  is  not  necessary  to  prepare  it  so 
carefully.  Planting  has  frequently  been  done  with  good  results  on  burned 
over  woodland  according  to  the  third  method  described  below  under 
"Planting."    But  trees  growing  on  well  prepared  ground  have  as  much 
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advantage  over  those  on  unprepared  as  has  com  under  the  same  con- 
ditions. 

Where  to  Procure  Seedlings, — The  farmer  nmy  grow  his  own  trees 
from  seed,  procure  wild  seedlings  or  purchase  from  a  nursery.  Wherever 
I)os8ible  wild  seedlings  are  much  cheaper.  They  are  wealcer  than  nursery 
grown  stoclj,  and  should  be  transplanted  to  a  nursery  for  one  or  two  years 
before  being  planted  in  the  field. 

Care  of  Trees  Before  Field  Planting. — Trees  should  be  planted  with 
as  little  exposure  of  their  roots  as  possible,  for  the  root  hairs,  upon  which 
the  tree  depends  for  taking  in  its  food  supply,  will  dry  out  and  shrivel 
up  when  exposed  to  dry  atmospliere  for  even  a  few  minutes.  Some  of 
the  broad-leaved  species  can  withstand  this  drying  out  if  they  receive 
proper  treatment  afterwards.  The  best  way  to  prevent  this  is  by  "pud- 
dling." A  "puddle"  is  a  mixture  of  earth  and  water  about  as  thick  as 
cream.  It  may  be  mixed  in  buckets,  tubs  or  barrels  and  drawn  along 
where  trees  are  being  dug  up  so  they  can  be  plunged  into  it  immediately, 
or,  if  the  seedlings  have  been  received  from  a  nursery,  as  soon  as  they  are 
unpacked.  If  planting  is  to  take  place  at  once  the  trees  may  be  carried 
to  the  field  in  the  "puddle."  But  if  some  time  is  to  elai)se  before  plant- 
ing they  should  be  "heeled  in"  as  they  are  "puddled."     For  "heeling  in" : 

Dig  a  trench  deep  enough  to  bury  the  roots  and  part  of  the  stem. 
The  trench  should  run  east  and  west,  with  its  south  bank  at  a  sloi)e  of 
about  thirty  degrees  to  the  surface  of  the  ground.  A  layer  of  trees  should 
be  placed  in  the  trench  on  its  sloping  side,  the  tops  toward  the  south.  The 
roots  and  stems  should  be  covered  with  fresh  earth  dug  from  a  second 
trench,  in  which  a  layer  of  trees  is  put  and  covered  in  the  same  way.  The 
digging  of  parallel  trenches  is  rei>eated  and  layers  of  trees  put  in  untli 
all  have  been  "heeled  in." 

Time  for  Planting. — The  best  time  for  planting  is  just  before  growth 
b^elns  in  the  spring.  At  such  a  time  the  seedlings  are  apt  to  receive  the 
least  injury.  In  general  the  frost  should  be  out  of  the  ground.  Frost  is 
one  of  the  chief  dangers  of  fall  transplanting,  for  the  young  trees  are 
often  heaved  out  of  the  ground  as  it  freezes.  It  is  also  best  to  choose  a 
wet  or  cloady  day  for  transplanting. 

Methods, — After  everything  has  been  made  ready  for  planting  the 
ground  should  be  marked  out  in  rows  four,  six  or  eight  feet  apart,  depend- 
ing on  the  species,  character  of  the  soil  and  length  of  time  cultivation  is 


432 

to  continue.  The  methods  of  planting  are  very  simple.  The  beet  perhaps 
requires  two  men.  One  carries  a  buclcet  of  "puddled"  seedlings.  The 
other  carries  a  spade  which  he  sets  full  length  in  the  ground.  He  then 
pushes  the  handle  forward,  sticks  a  seedling,  which  the  first  man  hands 
him,  in  behind  the  blade,  withdraws  the  spade  and  then  steps  firmly  with 
both  feet  on  the  ground  around  the  tree.  Another  rapid  method  which 
often  succeeds  is  to  plow  a  furrow,  lay  the  trees  against  the  side  of  it, 
cover  with  a  hoe  and  tramp  firmly.  The  remainder  of  the  furrow  may  be 
filled  by  means  of  a  cultivator.  A  third  way  is  to  dig  a  hole  with  a  grub 
hoe  or  mattock.  This  method  Is  used  only  on  unprepared  ground.  The 
size  of  the  hole  dei>end8  upon  the  size  and  character  of  the  root  system. 
Fine  dirt  is  then  thrown  in  next  to  the  roots  and  the  hole  filled  up,  the 
earth  being  firmly  trami)ed  as  before.  All  trees  should  be  planted  deep 
enough  so  that  when  the  ground  settles  they  are  covered  to  the  same  depth 
they  were  before  being  transplanted. 

Cultivation, — One  of  the  great  troubles  with  the  plantings  already 
made  in  central  Indiana  is  that  they  have  not  received  suflicient  care. 
They  have  been  plowed  or  hoed  a  few  times  and  then  left  to  take  care  of 
themselves.  The  methods  and  aims  of  cultivation  in  the  state  reservation 
are  given  in  the  following : 

"The  cultivation  given  the  young  trees  growing  in  the  regularly 
planted  fields  was  of  two  forms,  plowing  in  the  same  manner  that  corn 
is  cultivated  and  by  hoeing.  In  some  fields  the  trees  were  plowed  and 
hoed,  while  in  others  they  were  simply  hoed  without  plowing.  They  were 
given  two  complete  cultivations.  One  plan  ^eems  to  be  as  successful  as 
the  other.  The  aim  sought  by  the  cultivation  was  to  keep  down  weeds  and 
other  wild  forms  of  growth  that  might  overcome  the  young  trees.  In  the 
fields  where  the  s(»il  around  the  young  trees  was  kept  loose  and  free  from 
weeds  for  a  short  distance  from  tlie  trees  (eight  to  twelve  inches)  ^^ 
hoeing,  and  the  other  forms  of  growth  permitted  to  stand  around  th.^m, 
the  young  trees  seemed  to  do  the  best.  The  only  reasonable  opinion  thai 
can  be  given  for  this  fact  is  that  the  other  growth  formed  a  mulch  over 
the  soil  and  prevented  evaporation  and  also  a  forest  condition  of  shade 
and  protection  which  resulted  in  good  to  the  trees,  and  by  keeping  a  clear 
opening  around  them  prevented  them  from  any  smothering  out,  as  will 
occur  where  the  weeds  and  other  growths  are  permitted  to  grow  up  close 
around  them.    The  young  trees  in  such  fields  are  larger  and  have  better 
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boles  formed  than  those  growing  In  the  fields  where  more  complete  culti- 
vation was  performed.  Those  growing  in  the  more  open  fields  and  where 
the  most  complete  cultiyatlon  as  to  keeping  the  soil  cleaned  of  all  forms 
of  outside  growth  seemed  to  grow  more  bushy  and  to  cease  growing  earlier 
in  the  summer  than  the  others.  The  only  reasonable  opinion  to  be  given 
for  this  fact  is  that  they  were  more  exposed  to  the  heat  of  the  sun,  nothing 
formed  a  covering  to  the  soil  to  prevent  evaporation  and  the  trees  were 
deprived  of  any  sort  of  shade  protection.  No  forest  influence  was  thrown 
around  them 

It  must  not  be  inferred  from  the  discussion  of  the  cultivation  here 
given  that  no  cultivation  is  needed.  The  young  trees  must  be  given  culti- 
vation necessary  to  protect  them  from  weeds  and  other  wild  forms  of 

growth  immediately  around  them The  trees  at  the  reservation 

are  given  the  cultivation  that  can  be  performed  with  the  means  supplied, 
and  no  more.  If  more  means  were  provided  they  would  be  cultivated 
more  and  better  results  might  accrue." 

It  can  be  seen  that  the  Board  of  Forestry  recognizes  the  fact  that 
they  are  not  caring  for  the  young  trees  in  the  best  possible  manner.  A 
crop  of  weeds  is  not  the  best  way  to  prevent  evaporation  from  the  soil. 
The  maintenance  of  a  dust  mulch  by  cultivation  will  do  this  and  will  not 
use  food  material  stored  in  the  soil.  A  disc  harrow  or  a  five-toothed  cul- 
tivator run  through  between  the  rows  after  each  rain  during  the  summer 
will  keep  up  the  dust  mulch  and  keep  down  the  weeds.  In  other  words, 
a  forest  crop  should  be  cared  for  just  as  a  com  crop,  except  that  the 
period  of  cultivation  is  longer,  sometimes  three  or  four  years. 

Thinning. — The  maximum  numl>er  of  trees  per  acre  at  maturity  Is 
about  two  hundred.  It  has  already  been  shown  why  thinning  is  bene- 
ficial, so  only  this  remains  to  be  said:  a  few  years  after  the  plantation 
has  l)ecome  well  established  the  process  of  thinning  should  begin.  The 
weakest  and  poorest  trees  and  those  crowding  l>etter  ones  should  be  re- 
moved here  and  there  to  make  room  for  their  more  vigorous  neighbors. 
Gradually  this  process  should  continue,  the  material  being  utilized,  until 
at  maturity  the  woodlot  has  the  requisite  number  of  good  trees  and  also 
has  provided  for  a  permanent  supply. 


[28—23003] 
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DOES    A    WOODLOT    PAY? 


The  question  naturally  arises,  Is  a  woodlot  a  paying  proposition? 
If  it  is  not,  why  are  the  most  progressive  farmers  taking  such  an  interest 
in  forest  planting  and  forest  management?  Timber  is  a  necessity.  In 
earlier  times  it  was  not  so  valuable,  so  the  land  was  cleared.  The  rem- 
nants of  the  old  forest  may  easily  be  Improved  at  odd  times.  The  cost 
is  much  reduced  if  the  farmer  does  his  own  work.  So  It  is  with  planted 
woodlots,  especially  if  wild  seedlings  are  used.  Besides,  the  price  of  tim- 
ber is  advancing  as  the  supply  is  diminishing.  This  alone  encourages 
planting. 

The  following  extract  from  a  letter  shows  that  with  a  little  care  a 
woodlot  can  be  made  to  pay : 

"I  have  logs  enough  cut  now  to  make  from  forty  to  fifty  thousand 
feet  of  lumber.  These  logs  I  cut  from  a  ten-acre  grove  that  was  only  a 
brush  patch  thirteen  years  ago.  In  addition  to  the  logs  the  grove  has 
supplied  plenty  of  wood  for  from  two  to  four  stoves,  and  some  for  sale, 
besides  posts  and  poles,  all  of  which  came  from  the  thinnings.  There  are 
still  enough  trees  on  the  land  to  make  a  good  grove."  The  present  gen- 
eration may  not  reap  the  profits  but  the  next  one  will. 

SUMMARY. 

The  following  conclusions  have  been  drawn  from  this  study: 

1.  The  present  woodlots,  only  the  remnants  of  the  early  forests,  are 
in  very  bad  condition. 

2.  Well-ordered  woodlots  are  valuable  financially,  climatically  and 
aesthetically. 

3.  Old  woodlots  may  be  improved  and  new  ones  planted  successfully. 

4.  Woodlots  must  be  i>roteeted  and  well  cared  for  in  order  to  secure 
the  best  results. 

5.  A  woodlot  Is  a  paying  investment. 
The  one  thing  lacking  Is  universal  interest. 

Wabash  College, 

Crawfordsville,  Ind. 
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Recent  Work  in  Wood  Physics. 


By  William  Kendrick  Hatt. 


(Abstract.)' 

The  new  series  timber  tests  of  the  Forest  Service,  which  constitutes 
the  most  important  recent  series  of  experiments,  was  l>egun  in  1902  under 
the  direction  of  Mr.  Giflford  Plnchot,  Forester,  Forest  Service,  United 
States  Department  of  Agriculture.  About  44,000  test  pieces  have  i)een 
tested. 

These  timl)er  tests  are  divided  into  two  parts:  Class  (a).  Tests  on 
marlcet  products  of  actual  size,  in  which  characteristic  defects  occur,  such 
as  stringers,  vehicle  parts,  railroad  ties,  of  interest  and  value  to  engineers 
and  manufacturers.  These  correspond  to  tests  on  riveted  joints  or  built- 
up  structures  in  metal  testing.  Class  (b)  includes  so-called  "scientific" 
tests  of  small,  perfect  specimens  with  uniform  moisture  content,  represent- 
ing material  collected  from  the  forest,  in  which  the  strength  is  related  to 
the  physical  structure  and  position  In  the  tree.  These  tests  are  of  espe- 
cial value  to  the  botanists  and  foresters  and  aid  the  solution  of  silvlcaltural 
problems. 

A  summary  of  results  obtained  to  date  will  he  presented. 

INFLUENCE  OF  CONDITIONS  OF  TESTS   UPON   RESULTS. 

(In  these  studies  small,  perfect  specimens  are  used). 

1.  Speed  of  Test, — The  strength  of  wood  varies  significantly  with 
the  speed  at  which  stress  is  applied,  increasing  more  rapidly  as  the 
speed  increases.  Tests  are  standardized  for  speed*  <hi  the  basis  of  fiber 
strain  per  unit  of  time ;  and  experimental  factors  obtained  to  adjust 
strength  values  from  one  speed  to  another.  The  adopted  standards  of 
fiber  strain  are  as  follows,  expressed  in  inches  per  inch  per  minute : 

Large  beans 0007 

Small  beams   0015 

Compression  parallel  to  grain,  small  pieces 003 

Compression  parallel  to  grain,  large  pieces 0015 

>  Abstracted  from  paper  by  the  author,  read  before  the  Copenhagen  Congress  of 
the  International  Society  for  Testing  Materials. 

2  See  Proceedings  American  Society  for  Testing  Materials,  Vol.  8,  1908,  page 
541.  "The  Effect  of  the  Speed  of  Testing  npon  the  Strength  of  Wood  and  the 
Standardization  of  Tests  for  Speed,"  by  H.  D.  Tiemann. 
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Strength  of  wet  or  green  wood  is  much  more  sensitive  to  changes  of 
speed  than  is  dry  wood.  At  the  speed  adopted  for  official  tests  a  change 
in  speed  of  50%  may  ordinarily  be  allowed  without  causing  a  variation  in 
8ti*ength  of  over  2%. 

2.  Temperature. — Since  wood  is  a  more  or  less  plastic  substance  it  is 
sensitive  to  changes  of  temperature.  Tiemann's*  experiments  show  that 
soaking  certain  species  in  water  at  normal  temperature  does  not  affect 
their  strength.  It  api>ears,  however,  that  warm  water  has  a  marked  weak- 
ening effect.  The  extreme  condition  is  wlien  wood  is  made  pliable  by  boil- 
ing. Some  woods  are  no  doubt  more  sensitive  than  others  to  the  effect  of 
temj>erature  of  tlie  water  in  which  tliey  are  immersed.  In  recent  tests 
made  in  winter  weather  on  red  oak  (Quercus  Rubra)  ties  at  Purdue  Uui- 
versity,  ties  taken  from  the  temperature  of  the  storehouse  (about  25**  F.) 
were  from  9  to  17  per  cent  stronger  than  those  tested  at  the  temperature 
of  the  laboratory  (about  70°  F.).  Probably  this  marked  difference  in 
strength  is  to  be  found  only  In  case  of  green  or  wet  wood.  The  rupture 
work  is  not  affected  to  the  degree  of  the  ultimate  strength.  Hickory  seems 
specially  sensitive  to  change  of  temperature.  It  is  concluded  that  the 
ordinary  temperature  variations  of  the  air  of  a  laboratory  are  not  im- 
portant, but  that  the  temperature  of  the  storehouse  may  render  it  neces- 
sary to  warm  the  wood.  In  fact,  the  effect  of  a  given  factor  on  the 
strength  of  timber,  or  difference  of.  strength  of  two  species,  may  at  times 
be  entirely  masked  by  variations  of  temperature  of  timber  at  the  time 
of  test. 

3.  Moisture. — The  effect  of  moisture  on  the  strength  of  wood  has 
been  thoroughly  investigated  by  Tlemann.*  His  material  was  small  test 
pieces  uniform  in  moisture  content  throughout  the  cross-section;  and  he 
determined  the  distinct  "fiber  saturation"  point,  above  which  increased 
moisture  content  did  not  affect  the  strength  of  timber  and  below  which 
there  was  an  increase  of  strength.  Previous  exi)eriments,  yielding  a  con- 
tinuous moisture  strength  law,  were  apparently  made  with  "case-hardened 
material." 


•Bulletin  70.     Forest  Service,  1906.     "Effect  of  Moisture  on  the  Strength  and 
Stiffness  of  Wood,"  by  H.  D.  TIemann. 

♦Bulletin  70.     Forest  Service,  1906.     ''Effect  of  Moisture  on  the  Strength  and 
Stiffness  fo  Wood,"  by  H.  D.  TIemann. 

Circular  108,  Forest  Service,  1907.     "The  Strength  of  Wood  as  Influenced  by 
Moisture,"  by  H.  D.  TIemann. 


448 


BEIATION   OF  TESTS. 


The  relation  between  the  strength  under  various  kinds  of  tests,  such 
as  shear,  bending,  etc.,  and  compression  parallel  to  the  grain,  have  not 
been  determined  yet  by  an  analysis  of  the  data.  It  is  doubtful  if  any 
one  test  can  be  used  to  predict  the  strength  of  the  material  under  other 
forms  of  tests  when  conditions  vary  with  resiiect  to  previous  heat  treat- 
ment, moisture,  drying  or  preservative  treatment  For  instance,  brittle- 
ness  induced  by  overheating  is  evident  in  impact  tests,  but  this  will  not 
necessarily  be  evident  from  the  compression  test  parallel  to  the  grain. 

An  investigation  of  the  effect  of  speed  of  test  is  a  part  of  the  general 
study  of  behavior  of  wood  under  three  conditions  of  loading : 

(a)  Dead  or  constant  load. 

(b)  Ordinary  static  test  with  increasing  load, 
(e)     Impact  test 

(a)  Dead  load  tests  exhibit  the  plasticity  of  wood.  Nearly  all  defor- 
mations increase  with  duration  of  load,  but  the  deformed  beams  subse- 
quently tested  show  no  loss  of  ultimate  strength.  Deflection  brought  about 
by  humid  atmo^here  is  not  recovered  by  subsequent  drying.  The  ques- 
tion is  often  asked :  "What  per  cent  of  the  load,  as  determined  by  the 
ordinary  static  test,  will  break  a  beam  if  left  on  indeflnitely?"  This  has 
no  answer. 

(c)  Under  impact  loading,  wood  will  submit  to  greater  elastic  defor- 
mation than  under  the  ordinary  static  tests.  Impact  bending  tests  show 
elastic  deformation  largely  in  excess  of  those  experienced  under  static 
load.  The  impact  test  is  made  under  increasing  height  of  drop.*  The  order 
of  resistance  of  air  dry  woods  at  the  ultimate  failure  strength,  so  far 
obtained  is  as  follows: 

Hickory,  Longleaf  Pine,  Douglas  Fir,  Loblolly  Pine,  Chestnut,  Spruce, 
Yellow  Poplar,  Western  Yellow  Pine,  Western  Hemlock,  Sugar  Pine,  and 
Coast  Redwood. 

(d)  Abrasion  Test.  The  abrasion  test  is  under  study."  Wood  is 
worn  by  sand-paper  in  the  Dorrey  Machine. 


*  Circular  38,  Revised,  Forest   Service.     "Instructions  to  Engineers  In  Timber 
Tests,"  by  W.  K.  Hatt. 

•  See  American  S.  for  T.  M.,  Vol.  7,  1907.     "P.  U.  Impact  Testing  Ma  ph.,"  by 
W.  K.  natt. 
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» 
INFLUENCE   OF   TBEATMENT  PBEVIOUB   TO   TEST. 

(a)  Drying  in  Hot  Air,  Steam,  Saturated  Steam,  etc  A  research  is 
under  way  to  investigate  the  safe  limits  and  th^  most  advantageous  con- 
ditions for  the  commercial  processes  of  drying  wood.  The  Immediate 
strength  after  drying  is  of  course  usually  greater  because  of  the  les- 
sened moisture  content.  It  is  now  apparent,  however,  that  all  processes 
of  drying  wood,  even  air-drying,  are  attended  with  weakening  of  struc- 
ture, so  that  when  the  dried  wood  is  resoal^ed  there  is  a  loss  in  strength 
of  10%,  and  generally  more.  The  drying  of  white  ash  (BYaxinus  amer- 
icana,),  for  instance,  at  145°  F.  in  either  dry  air  or  exhausted  steam,  or 
in  superheated  steam  at  312'',  caused  no  significant  loss  in  strength  in  the 
air  dry  condition,  but  the  resoaked  wood  was  considerably  weaker  than 
the  green  wood.  Under  20  to  30  pounds  of  steam  applied  during  1  to  4 
hours,  pine  and  ash  suffer  but  little  loss  in  static  strength  after  the  moist- 
ure from  the  steam  is  removed  by  air  drying.  At  higher  steam  pressures 
(above  50  lbs.)  large  and  permanent  losses  result  An  equal  amount  of 
dry  heat  Is  less  injurious  to  wood  than  moist  air  or  saturated  vapor,  when- 
ever the  temperature  exceeds  212°  F.  The  hygroscopicity  of  the  wood  in 
the  air-dry  condition  is  reduced  by  the  process  of  drying  in  steam,  dry- 
air  or  saturated  steam.  Microscopic  study  shows  that  the  cell  walls  spilt 
open  because  of  the  shrinkage  of  these  walls  when  they  begin  to  dry  out 

The  results  from  the  Drying- Strength  Study  are  not  sufficiently  ad- 
vanced to  allow  complete  conclusions. 

(b)  Treatment  with  Preservatives.  Tests  at  the  Louisiana  Purchase 
Elxposition'  established  the  safe  limit  of  steaming  for  seasoned  loblolly 
pine  to  be  30  lbs.  applied  for  4  hours,  or  20  lbs.  applied  for  6  hours.  Bur- 
nettized  loblolly  pine  ties  exhibited  some  degree  of  brittleness  under  im- 
pact test  Creosote  appeared  to  act  upon  the  strength  in  the  same  way  as 
water.  It  retards  the  seasoning  of  timber,  with  beneficial  results  to  its 
physical  condition.  Present  evidence  points  to  steaming,  or  effect  of  heat 
in  preliminary  seasoning,  as  the  only  dangerous  element  of  the  treating 
process.  The  proper  limits  of  heat  should  be  determined  for  different 
species  of  timber. 

In  the  case  of  bridge  timbers,  of  coniferous  species,  of  large  size,  in- 
complete evidence  indicates  that  the  desired  penetration  of  creosote  can 


*  Circular  39,  Forest  Service.       Experiments  on  tlie  Strength  of  Treated  Tim- 
l)er,»*  by  W.  K.  Hatt 
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only  be  obtained  by  cylinder  processes  that  reduce  the  strength  of  the 
timber.  The  unit  stresses  used  In  the  design  of  creosote  structures  should, 
therefore,  in  these  cases,  be  decreased  below  standards  established  for 
natural  wood. 

UNIT  STBESSES  FOB  DESIGN. 

The  relation  of  strength  of  large  sticks,  involving  defects,  to  small 
and  perfect  pieces,  taken  from  the  parent  beam,  is  reported  in  Circular 
115,  Forest  Service.  The  strength  of  large  and  small  sizes  is  not  a  ques- 
tion of  geometrical  magnitude,  but  of  the  existence  of  defects  in  the  large 
sticks  such  as  knots,  shakes,  checks  and  the  presence  of  inferior  growth. 

Study  has  been  given  to  the  failure  of  large  beams  under  longitudinal 
shear.  It  is  apparent  that,  in  the  case  of  large  beams  of  seasoned  timber, 
the  failure  is  due  to  longitudinal  shear  rather  than  to  bending.  In  green 
beams,  also,  this  form  of  failure  is  frequent.  Therefore,  shearing  stresses 
should  be  taken  account  of  in  the  design.  The  result  of  later  tests  confirm 
the  early  results  that  the  strength  of  large  pieces  is  not  increased  by  sub- 
sequent seasoning,  except  In  case  of  select  grades.  In  other  words,  unit 
stresses  for  design  should  usually  be  based  upon  strength  of  green  timber. 

NEW   SPECIES  AND  SUBSTITUTES. 

The  eucalypts  of  California  and  the  South  have  been  tested.  They 
are  among  the  strongest  of  our  woods.  The  quality  of  the  various  species 
differs  greatly,  varying  in  kiln  dry  state  from  25,000  pounds  per  sq.  in. 
to  13,000  pounds  per  sq.  in.  in  modulus  of  rupture.  Tests  have  been  com- 
pleted on  tan-bark  oak,  which  formerly  was  left  stripped  of  its  bark  in 
the  woods. 

GENEKAL  STUDIES  OF  SPECIES. 

Tests  of  red  gum  are  completed.*  Tests  of  various  species  of  hickory 
collected  from  various  site  conditions  have  been  made  and  the  report  com- 
pleted. These  latter  tests  established  relations  between  rate  of  growth 
and  strength,  locality  and  strength,  and  species  and  strength.  It  appears 
that  the  most  fundamental  factor  governing  the  strength  of  wood  of  any 
species  is  the  specific  gravity,  or,  in  the  conifers  per  cent  of  summer  wood. 


•BJilletin  No.  58,  Forest  Service.     "The  Red  Gum,"  by  Alfred  K.  Chittenden. 
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Technical  Problems. — The  study  of  track  fastenings,  including  common 
and  screw  spiljes,  and  tie  plates,  and  the  relation  of  these  to  the  strength 
of  ties  is  in  progress.  Laboratory  tests  are  supplemented  by  service  tests 
in  tracks  of  railroads  under  operation. 

TECHNIQUE   OF  TESTS   AND  THE  ORGANIZATION    OF  THE   LARORATOBY    WORK. 

The  methods  and  records  and  organization  are  now  well  developed. 
The  results  of  experience  for  the  past  six  years  are  contained  in  Circular 
38,  (Revised),  entitled  "Instruction  to  Engineers  in  Timber  Tests."  Re- 
cently a  department  of  microscopic  examination  of  wood  has  been  added  to 
study  manner  of  failures  In  the  tissues,  changes  in  structure  resulting  from 
heat  treatment,  location  of  preservative  fluids  and  allied  problems. 

Purdue  University. 
Lafayette,  Ind. 
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Forest  Conditions  in  Indiana. 


By  Stanley  Coulter. 


Certain  economic  statements  may  serve  as  a  suggestive  introduction 
to  this  study  of  Forest  conditions  in  Indiana.  Some  of  these  will  be  more 
fully  elaborated  later  in  the  paper,  others  need  no  comment  since  their 
mere  statement  is  sufficient  to  call  attention  to  existing  conditions. 

A  reference  to  the  Census  report  of  18S0  will  show  that  at  that  time 
Indiana  ranked  sixth  in  the  list  of  lumber  producing  states.  In  1908  it 
ranked  twenty-seventh.'  Not  only  had  it  fallen  to  this  low  position  in  the 
list  of  lumber  producing  stages,  but  the  cut  of  1908  was  very  decidedly  less 
than  that  of  1907.  While  some  part  of  this  latter  loss  may  be  attributed 
to  the  reduced  demand  for  lumber  in  1907,  all  of  it  cannot  be  so  referred. 
As  a  matter  of  fact  the  cut  made  represented  all  of  the  high  grade  timber 
upon  which  lumbermen  could  lay  their  hands. 

While  certain  regions  of  the  state,  notably  in  the  southern  counties, 
still  appear  to  be  heavily  timbered,  an  examination  shows  that  practically 
all  forms  of  high  value  have  l>een  cut  from  them.  They  have  l>een  swept 
clean  of  their  yellow  poplar,  white  oak,  black  walnut,  and  cherry  and  are 
made  up  almost  entirely  of  what  may  be  regarded  from  an  economic 
standpoint  as  second  grade  or  inferior  forms.  It  is  these  inferior  forms 
that  are  furnishing  the  future  forest,  if  indeed  there  Is  any  promise  of  a 
future  forest.  The  splendid  forests  of  the  past,*  splendid  not  only  In  ex- 
tent but  in  the  quality  of  the  timber  they  yielded,  have  disappeared  and 
the  forests  that  remain  are  infinitely  inferior  to  them  both  in  extent  and 
quality.  Present  conditions  indicate  a  still  further  deterioration  unless 
prompt  remedial  measures  are  taken. 

A  rather  careful  examination  of  the  existing  areas,  supplemented  by 
the  opinion  of  lumber  buyers,  leads  to  the  conclusion  that  few  extensive 
areas  in  the  state  will  ^low  a  stumpage  of  desirable  forms  exceeding 
2,500  feet  board  measure.    My  own  judgment  is  that  the  average  stumpage 


*  Forest  Products  No.  2.  Lumber,  Lath  and  Shingles,  1008.  Bureau  of  the 
Census,  issued  November  15,  1009,  p.  8. 

»  Stanley  Coulter.  The  Forest  Trees  of  Indiana,  Trans.  Ind.  Hort.  Soc.,  1891, 
p.  8.  A.  W.  Butler.  Indiana :  A  Century  of  Changes  in  the  Aspects  of  Nature, 
Proc.  Ind.  Acad,  of  Set.,  1895,  pp.  32,  33. 
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is  below  this  figure.  In  order  to  reach  this  estimate  it  has  been  necessary 
to  include  beech,  elm,  and  sycamore,  species  which  for  various  reasons  are 
not  to  be  classed  with  white  oak,  yellow  poplar  and  black  walnut.  Indeed 
the  eager  search  for  beech  and  elm  is  a  fairly  conclusive  evidence  of  the 
paucity  of  forms  of  higher  quality  in  the  forests  of  the  state.  Of  course 
there  exists  here  and  there  throughout  the  state  small  tracts  showing  a 
heavy  stumpage  of  high  grade  species,  but  such  areas  are  the  exceptions 
that  prove  the  rule. 

A  constantly  increasing  number  of  wood-working  plants  are  shutting 
down  because  of  inability  to  secure  the  needed  raw  material.  The  radius 
marking  the  limit  from  which  this  raw  material  can  be  drawn  is  very 
definitely  limited  by  freight  charges.  I  have  received  a  statement,  which 
may  be  considered  as  official,  that  fifty  per  cent,  of  the  veneer  plants  of 
the  state  are  shut  down  because  they  are  unable  to  secure  logs  suitable  for 
their  work.  What  is  true  of  the  veneer  industry  is  true  in  varying  degree 
of  other  wood-working  industries.  This  means,  unless  checked,  loss  of 
employment  to  hundreds  or  even  thousands  of  men,  and  eitlier  a  removal 
of  capital  to  other  states  or  its  absolute  loss.  The  reduction  in  tlie  number 
of  wood-working  plants  in  the  state  within  the  last  decade  has  been  start- 
lingly  large  and  can  only  be  explained  by  the  rapidly  waning  supply  of 
suitable  raw  material. 

While  the  data  in  my  hands  are  not  yet  complete,  I  have  records  of 
over  five  hundred  thousand  (500,000)  acres  of  waste  land  in  the  state. 
This  waste  land,  located  in  a  very  great  measure  in  the  southern  portion  of 
the  state,  is  the  result  in  almost  every  instance  of  destructive  lumbering. 
Concerning  this  conclusion  there  can  be  no  doubt.  We  have  knowledge  of 
former  forestal  conditions,  and  in  many  cases  the  history  of  the  cuttings 
of  specific  tracts.  These  waste  lands  lie  open  and  are  absolutely  waste; 
they  are  not  used  in  agriculture  or  horticulture  and  have  wasted  to  such  an 
extent  that  they  are  completely  abandoned.  They  yield  revenue  neither 
to  the  owner  nor  the  state.  The  indications  are  that  the  amount  of  de- 
forested land  abandoned  by  the  owners  is  constantly  increasing.  The  sur- 
est, indeed  the  absolutely  unmistakable  sign  of  a  decadent  state  from  an 
economical  standpoint,  is  a  constant  increase  in  the  area  of  abandoned 
lands. 

To  counteract  the  conditions  indicated  in  the  preceding  paragraphs, 
tree  planting  has  been  undertaken  in  the  state  on  a  fairly  large  scale  within 
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the  past  few  years.  These  plantings  have  been  made  by  individuals  and  by 
corporations.  The  tree  plantations  nin  up  into  the  hundreds  and  the  num- 
ber of  trees  into  the  hundreds  of  thousands.  A  careful  inspection  of  sixty- 
nine  of  these  plantings,  embracing  two  hundred  fourteen  thousand  (214,- 
000)  trees  was  made  in  1908-09  by  Messrs.  U.  C.  Allen  and  H.  C.  Kennedy. 
The  plantations  examined  covered  the  state  with  the  exception  of  the 
soptheastem  counties  and  represented  practically  every  type  of  soil  and 
drainage  conditions.  Supplementing  their  records  by  my  own  observations 
and  those  of  Secretary  C.  C.  Deam  of  the  State  Board  of  Forestry,  I  am 
led  to  the  conclusion  that  afforestation  operations  in  the  state  have  been, 
in  a  large  measure  at  least,  unsatisfactory.  While  there  are  occasional 
instances  of  successful  and  apparently  profitable  tree  culture  in  the  state, 
it  is  very  certain  that,  taken  as  a  whole,  the  results  are  not  of  such  char- 
acter as  to  give  promise  of  any  relief  from  present  conditions  in  the  im- 
mediate future.  The  plantings  have  Ijeen  chiefly  catalpa  and  black  locust 
Only  in  exceptional  cases,  and  then  rather  as  the  result  of  chance  than  a 
definite  purpose  have  other  species  been  tried.  A  very  few  small  plantings 
of  black  walnut  and  white  ash  practically  represent  the  attempt  in  growing 
trees  of  high  grade. 

The  reasons  for  these  unsatisfactory  results  are  not  far  to  seek.  They 
may  be  grouped  under  three  categories : 

1.  Ignorance  of  the  sllvical  qualities  of  the  species. 

2.  Poor  seed  or  seedlings  which  were  not  of  the  species  desired. 

3.  Ignorance  of  the  cultural  requirements  for  securing  rapid  and 
healthy  development. 

Apparently  in  many  of  the  plantations  no  question  as  to  the  fitness 
of  the  soil,  or  drainage,  or  exposure  entered.  In  another  large  series  of 
catalpa  plantings  the  larger  number  of  the  trees  were  not  the  hardy  ca- 
talpa (speciosa)  but  C.  hignonioides  or  some  hybrid.  In  more  than  one- 
half  of  the  cases  absolutely  no  attention  was  given  after  the  planting,  to 
cultivation,  to  pruning  or  to  coppicing.  A  study  of  the  conditions  in  these 
plantations  is  sufilcient  proof  that  afforestation  operations  will  not  be  suc- 
cessful in  Indiana  until  a  much  fuller  knowledge  of  the  silvical  qualities 
and  requirements  of  the  species  selected  isecomes  common  property. 

Bad  as  the  existing  conditions  are,  the  case  is  far  from  hopeless.  The 
aggregate  timbered  area  of  the  state  is  still  large  and  while  the  stumpage 
is  not  heavy  nor  the  quality  all  that  could  be  desired,  yet  these  areas 

[2»— 23003] 
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furnish  not  only  the  ho\ie  but  the  assurance  of  the  future,  If,  and  only  if, 
they  are  intelligently  managed.  All  of  the  timber  lands  in  the  state,  with 
the  exception  of  the  State  Forest  Reservation,  is  held  by  private  owners. 
As  a  rule  these  holdings  are  relatively  small  and  our  forests  may  be  con- 
sidered as  made  up  of  a  large  number  of  wood  lots.  It  is  a  fact  that  can- 
not be  too  often  repeated  or  over  emphasized,  that  It  is  a  much  more  cer- 
tain and  a  much  cheaper  process  to  maintain  and  improve  an  existing 
stand  of  timber  than  to  produce  a  new  one  by  planting.  Not  only  is  it 
much  surer  and  cheaper,  but  It  is  also  much  more  rapid. 

The  problem  of  the  future  of  the  forests  of  Indiana  is  merely  the 
problem  of  securing  the  proijer  handling  and  care  of  the  wood  lots  and 
small  timbered  areas  held  by  individual  owners.  If  such  areas  are  wisely 
handled  and  conservatively  lumbered  there  is  no  reason  why  they  should 
not  for  years  yield  a  steady  and  increasing  income  and  at  the  same  time 
show  a  marked  increase  In  quality  and  value.  In  other  words  the  problem 
of  the  future  timber  supply  in  the  state  is  very  largely  a  problem  of  edu- 
cation. Owners  of  timbered  tracts  must  be  brought  to  a  realization  of  the 
value  of  such  holdings  and  trained  in  methods  of  management  which  will 
secure  the  results  Indicated.  It  must  be  shown  also  that  such  methods  of 
management  are  profitable,  for  unless  this  can  be  done  no  method,  how- 
ever theoretically  desirable  it  may  be  shown  to  be,  will  ever  come  Into 
general  use.  The  real  peril  lies  In  the  fact  that  this  process  of  education 
is  a  very  slow  one  and  that  existing  timber  areas  may  be  greatly  reduced 
in  value  or  completely  destroyed  before  a  knowledge  of  the  better  methods 
has  become  common  property.  An  examination  of  a  number  of  such  tracts 
covering  many  counties  of  the  state  indicates  fairly  well  what  may  be  con- 
sidered the  average  condition  of  the  forests  of  Indiana  today. 

Almost  without  exception  these  timbered  areas  are  used  as  pasture 
land,  and  have,  in  most  instances,  been  so  heavily  overpastured  as  to  prac- 
tically destroy  all  prospects  of  the  regeneration  of  the  forest  after  the  re- 
moval of  the  present  trees.  An  examination  of  seventeen  such  wood  lot 
pasture  tracts  during  the  past  season  which  were  distributed  through 
twelve  counties  of  the  state,  revealed  the  fact  that  In  not  a  single  one 
could  any  young  seedlings  or  healthy,  well  formed  saplings  be  found.  Any 
system  of  management  under  such  conditions  is  perfectly  useless.  Unless 
the  condition  of  the  wood  lot  areas  is  improved  and  the  regeneration  of 
the  forests  provided  for  by  an  abundant  and  vigorous  growth  of  seedlings, 
the  end  of  our  forests  is  not  far  distant. 
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In  most  Instances  the  withdrawal  of  the  tract  from  pasturage  will  be 
sufficient  to  permit  an  Immediate  springing  up  of  sufficient  seedlings  to 
care  for  the  future  of  the  tract.  This  withdrawal  from  pasturage  should 
be  absolute  until  such  time  as  the  young  growth  is  beyond  danger  from 
browsing  animals.  After  that  time  light  grazing  may  not  be  injurious,  al- 
though if  gi-azing  is  permitted  at  all,  there  is  the  constant  temptation  to 
overgraze. 

The  effect  of  this  overgrazing  is  very  easily  demonstrated  by  simply 
enclosing  a  tract  which  contains  no  seedlings,  thus  protecting  it  from  cat- 
tle. Almost  invariably  a  dense  and  abundant  undergrowth  representing 
many  species  of  tree  forms  will  spring  up  and  in  a  few  years  will  have 
provided  a  stand  sufficiently  dense  to  allow  Improvement  cuttings  and  thin- 
nings, leading  to  the  formation  of  a  new  forest. 

In  the  State  Reserve  a  large  acreage  was  burned  over  the  year  before 
the  State  took  possession  of  the  tract.  At  the  present  time,  some  eight 
years  after  the  fire,  the  tract  which  was  burned  over  is  densely  covered 
with  a  growth  of  vigorous  and  healthy  young  trees,  with  valuable  species 
represented  in  such  large  numbers  as  to  give  certain  promise  of  a  fine  even- 
aged  stand  after  the  cleaning  and  thinning  cuttings  have  been  made.  The 
area  was  regenerated  from  adjoining  seed  trees.  No  treatment  of  any  kind 
was  given  the  tract ;  it  was  simply  freed  from  pasturage. 

In  the  hill  regions  of  the  southern  counties,  and  especially  in  local- 
ities where  the  hills  faced  the  Ohio  river,  the  forests  were  removed  many 
years  ago.  For  years  such  tracts  were  left  unfenced  and  during  those 
years  the  land  wasted  through  erosion  and  no  seedlings  obtained  a  foot- 
hold. At  a  later  period  when  laws  forbidding  stock  running  at  large  were 
passed  and  when  wire  fencing  came  into  general  use,  these  denuded  hills 
were  quickly  covered  with  a  dense  growth  of  vigorous  young  trees.  No 
planting  had  been  done,  the  soil  had  received  no  treatment,  but  the  tract 
as  In  the  former  case  was  freed  from  pasturage.  Such  Instances  could  be 
multiplied  almost  indefinitely  and  from  them  can  be  drawn  a  conclusion  of 
high  economic  value,  namely,  that  very  many  of  the  denuded  areas  of  the 
state  could  be  afforested  by  the  simple  process  of  relieving  them  from  the 
burden  of  pasturage.  It  is  safe  to  say  that  90%  or  more  of  the  timber 
areas  of  the  state  are  so  heavily  over-pastured  as  to  preclude  any  possibil- 
ity of  their  future  Improvement  or  growth.  Until  the  owners  of  these  small 
forest  tracts  realize  the  utter  destructiveness  of  over-pasturage  but  little 
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can  be  done  to  improve  forest  conditions  in  the  state.  That  these  state- 
ments are  not  exaggerated  is  a  matter  of  fairly  easy  demonstration  by  any 
person  who  will  go  through  an  average  forest  In  his  vicinity  and  make  a 
close  examination  for  the  young  trees  which  stand  as  a  prophecy  of  the 
future  forest.  In  almost  every  Instance  they  will  be  found  to  occur  in  such 
small  numbers  as  to  indicate  a  constantly  waning  forest  Indeed,  in  very 
many  cases  not  a  single  seedling  or  sapling  of  a  desirable  species  can  be 
found. 

A  further  examination  of  these  areas  within  our  state  shows  that  in 
by  far  too  many  cases  they  have  suffered  damage  by  fire.  In  very  many 
instances  these  fires  have  spread  into  the  timber  tract  from  the  right  of 
way  of  railroads  or  from  meadow  fires  which  have  been  started  for  the 
purpose  of  cleaning  and  have  escaped  control.  However  they  may  have 
originated,  their  effect  upon  the  forest  has  been  two-fold.  First,  in  a  ser- 
ious damage  to  the  mature  trees  and  second,  in  practically  obliterating 
all  the  young  growth  which  may  have  become  established.  As  a  result 
of  the  action  of  such  fires,  not  only  is  the  young  growth  icilled  but  the  soil 
is  placed  in  such  condition  as  to  preclude  a  future  growth  for  several  years. 
The  damage  by  forest  fires  in  the  state  during  the  past  year,  which  was 
by  no  means  an  exceptional  one,  amounted  at  a  conservative  estimate  to 
at  least  $100,000.  A  very  large  part  of  this  loss  could  have  been  avoided 
by  exercising  ordinary  care.  Very  much  more  of  it  could  have  been  pre- 
vented by  the  rigorous  application  of  the  laws  fixing  the  responsibility  for 
the  occurrence  and  spread  of  forest  fires. 

The  value  of  these  wood  lots  as  they  stand  might  also  be  very  greatly 
improved  in  many  cases  if  improvement  cuttings  of  various  kinds  were 
undertalcen.  Almost  all  of  them  need  "cleanings"  in  order  to  remove  from 
them  various  undesirable  forms.  It  must  be  remembered,  however,  that 
such  cleanings  must  not  be  too  vigorously  undertaken  lest  too  great  an 
amount  of  soil  be  exposed  to  the  action  of  the  sun  and  the  wind.  Sudden 
changes  In  ecologic  conditions  are  particularly  fatal  to  young  tree  growth. 
Where  the  undergrowth  or  undesirable  forms  are  at  all  dense,  probably 
not  to  exceed  25%  should  be  removed  at  any  one  time  and  the  ground 
should  not  be  cut  over  again  in  less  than  four  or  five  years.  In  these  clean- 
ings the  object  should  be  to  remove  all  forms  the  absence  of  which  would 
improve  the  forest  and  give  the  trees  left  standing  an  opportunity  for  a 
more  perfect  development.    In  this  cleaning  should  ultimately  be  removed 
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all  trees,  which,  even  if  allowed  to  reach  full  maturity,  would  never  have 
an  econoqiic  value.  It  should  also  include  all  trees  that  are  dead  or  dy- 
ing, since  such  trees  are  not  only  deteriorating  in  value  but  also  serve  as 
centers  from  which  various  diseases  destructive  to  the  forest  may  spread, 
and  because  in  addition  they  furnish  natural  breeding  places  for  many 
species  of  harmful  insects.  When  such  dead  or  dying  trees  are  infested 
with  fungus  diseases  cr  injurious  insects,  they  should  be  completely  burned. 
The  cleaning  should  also  include  all  trees  which  are  over-mature  or  for 
any  cause  are  losing  value.  Trees  which  are  undesirable  In  shape  or  from 
other  causes  do  not  promise  to  make  a  satisfactory  growth  should  also 
be  included  in  the  cleaning.  Special  attention  should  be  paid  to  seed  bear- 
ing trees  of  undesirable  species.  These  should  be.  removed  whenever  found 
in  order  to  prevent  their  seedlings  from  occupying  the  ground  at  the 
expense  of  the  more  desirable  forms. 

As  has  been  suggested,  these  operations  must  not  be  carried  on  too 
vigorously  since  the  young  seedlings,  which  are  to  make  the  future  forest, 
require  shelter  from  the  wind  and  from  the  sun  during  their  earlier  years 
and  If  the  removal  of  these  undesirable  forms  Is  made  too  completely  at  a 
single  operation  the  object  In  view  will  be  defeated.  By  the  application  of 
such  methods  not  only  may  the  condition  of  the  wood  lot  be  constantly 
improved  so  that  in  the  end  It  will  contain  a  vigorous  and  healthy  growth 
of  valuable  forms,  but  at  the  same  time  much  material  which  may  be 
utilized  for  fuel  and  for  othei*  purposes  will  have  been  removed  from  the 
area.  In  almost  every  Instance,  If  care  Is  taken,  these  cleaning  cuttings 
will  more  than  pay  for  the  expense  required  to  make  them.  It  is  a  con- 
servative statement  to  say  that  over  one-half  of  the  existing  wood  lots  in 
the  state  would  be  very  greatly  Improved  In  value  and  In  productive  capac- 
ity by  a  series  of  judicious  cleanings. 

In  addition  to  these  cleaning  cuttings,  in  certain  regions  "thinnings" 
seem  to  be  required.  Two  trees  of  a  valuable  species  may  stand  so  close 
together  that  if  both  were  allowed  to  remain,  neither  would  develop  Into 
a  good  tree.  One  of  them  should  be  cut  away.  In  almost  every  wood  lot 
also,  there  are  to  be  found  clumps  of  trees  which  stand  so  close  together 
that  they  have  developed  thin,  weak  stems  Instead  of  stout  and  sturdy 
trunks.  Enough  of  these  should  *be  cut  out  to  Insure  a  healthy  and  vigorous 
growth  on  the  part  of  the  trees  that  remain.  The  thinnings  differ  from 
the  cleanings  In  that,  while  the  cleaning  removes  undesirable  and  Injur- 
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ious  forms  only,  the  process  of  thinning  removes  desirable  forms  whert- 
they  are  wrongly  placed  In  order  that  the  trees  left  standing  may  have  a 
better  chance.  There  is  scarcely  a  wood  lot  in  the  state  in  which  manifold 
instances  of  the  value  which  would  result  from  careful  thinning  cannot  be 
found. 

The  existing  wood  lots  can  be  still  further  maintained  In  good  condi- 
tion by  a  more  careful  use  of  the  material  which  is  cut  from  them.  There 
is  a  constant  tendency  to  cut  such  trees  as  will  work  up  most  easily,  what- 
ever may  be  the  purpose  for  which  they  are  to  be  used.  Good  straight 
white  oak  of  sufficient  size  to  have  a  high  value  for  lumber  is  cut  for  fire 
wood,  or  rails,  or  posts,  when  a  score  of  other  species  which  have  no  lum- 
ber value  might  serve  these  purposes  as  well  if  not  better.  In  the  same 
way  large  numbers  of  vigorous  and  straight  young  saplings  are  cut  down 
for  hoops,  for  poles,  or  for  other  of  the  manifold  uses  of  the  farm.  Such 
wastefulness  under  present  conditions  is  little  short  of  criminal.  The 
woods  of  high  value  should  be  allowed  to  come  to  their  full  size  and  devel- 
opment and  the  ordinary  uses  of  the  farm  supplied  from  inferior  timbers 
which  are  of  less  value  and  of  less  general  usefulness. 

Great  care  should  also  be  taken  In  working  up  the  tops  of  the  trees 
cut  in  such  a  way  as  to  utilize  them  as  far  as  possible.  Not  only  does 
such  utilization  reduce  the  number  of  trees  that  are  cut  from  the  tract, 
but  it  at  the  same  time  protects  it  from  damage  by  fire,  since  the  dry  tops 
of  trees  burn  fiercely  and  are  always  a  great  peril  in  case  of  fire.  An 
examination  of  an  ordinary  cutting  whether  for  wood  or  lumber  or  clear- 
ing will  show  that  scarcely  50%  of  the  tree  Is  utilized. 

It  Is  very  difficult  to  form  any  estimate  of  the  amount  of  the  present 
timber  stand  of  the  state.  As  contrasted  with  the  past  the  average  amount 
per  acre  has  been  very  largely  reduced.  As  examination  of  the  sources  of 
supply  of  wood  manufacturing  plants  will  show  that  a  large  proportion  of 
the  more  valuable  timbers  which  they  use  In  their  work  are  secured  from 
without  the  boundaries  of  the  state.  As  an  illustration,  information  de- 
rived from  certain  veneering  companies  of  the  State  may  be  given. 

The  Indiana  Veneer  and  Lumber  Company  uses  in  its  operation  oak 
and  principally  white  oak.     Most  of  this  is  derived  from  the  states  be-  • 
tween  Ohio  and  Missouri,  but  not  above  25%  of  It  Is  secured  from  In- 
diana. 
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The  Evansville  Veneer  Company  cuts  gum,  poplar,  white  oak,  red  oak, 
sycamore  and  beech.  They  purchase  these  woods  In  Tennessee,  Kentucky, 
and  Mississippi,  getting  none  from  Indiana. 

The  Goshen  Veneer  Company  uses  bass  wood,  maple,  ash,  elm,  syca- 
more, beech,  poplar,  oak  and  walnut.  The  oak  they  buy  in  Illinois  and 
Kentucky;  the  poplar  south  of  the  Ohio  river.  As  nearly  as  they  can  esti- 
mate, 60%  of  the  material  which  they  use  comes  from  Indiana. 

The  Hoosier  Veneer  Company  uses  white  oak  very  largely,  with  some 
red  oak.  About  35%  of  this  material  comes  from  the  south  and  about  65% 
from  Indiana. 

Showers  Brothers  Company,  Bloomington,  cut  only  those  woods  that 
are  native  to  the  southern  part  of  the  state.  They  include  in  their  work 
the  different  varieties  of  oak,  iwplar,  beech,  maple,  sycamore,  elm,  ash, 
and  hard  gum  with  occasional  logs  of  walnut  and  cherry.  The  last  two 
are  taken  from  southern  Indiana.  A  direct  quotation  from  the  letter  of 
their  secretary  is  extremely  suggestive.  "There  is  yet  quite  a  quantity 
of  timber  in  this  section  of  Indiana.  It  is,  however,  becoming  very  much 
scattered.  The  visible  supply  of  veneering  timber  in  Indiana  Is  rapidly 
diminishing.  In  my  opinion  icitliin  four  or  five  years  it  icill  he  necessary 
for  the  larger  mills  to  draw  from  out  of  the  state  a  large  part  of  their  logs. 
The  quality  of  southern  Indiana  logs,  principally  the  oak  varieties,  is  the 
best  in  the  country  for  veneering  purpof^es.  The  texture  of  the  grain  and 
of  the  figure  being  far  superior  for  cabinet  purposes  to  the  southern  varie- 
ties. We  use  in  our  veneering  mill  alone  about  35.000  feet  log  measure  of 
timber  per  week.  It  is  my  opinion  that  further  development  of  the  ve- 
neering industry  will  do  more  to  save  the  diminishing  supply  of  timber  in 
this  state  than  any  other  one  thing,  as  in  working  timber  into  veneer  an 
enormous  saving  in  waste  is  effected." 

The  Diamond  Veneer  Company  uses  only  quartered  oak  In  Its  opera- 
tions, buying  flitches  from  the  saw  mills  and  not  buying  logs.  The  com- 
pany estimates  that  about  90%  of  its  stock  comes  from  Indiana  mills,  but 
has  no  knowledge  as  to  the  sources  of  supply  of  the  mills. 

The  Putnam  Oak  Veneer  Company  uses  practically  any  of  the  native 
woods  of  Indiana.  The  woods  principally  used  are  white,  burr,  and  red 
oak,  ash,  hickory,  bass  wood,  soft  elm,  poplar,  walnut,  black  gum  and  beech. 
"Probably  20%  of  the  wood,  such  as  gum,  Cottonwood,  poplar,  red  and 
white  oak,  comes  from  cur  native  forests,  the  balance  comes  from  the 
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south,  where  the  timber  is  better  as  to  size  and  cheaper  as  to  price  than 
our  own  timber.  In  my  Judgment  we  do  not  furnish  over  40%  of  the  lum- 
ber consumed  In  the  state,  the  balance  comes  from  the  south.  As  is  a 
well  known  fact,  Indiana  oak  Is  the  finest  grade  of  oak  that  was  ever 
grown  in  this  continent.  It  is  beyond  the  power  of  any  living  man  to  pro- 
duce the  wonderful  forests  of  oak.  poplar,  ash,  and  walnut  that  once  cov- 
ered this  state  of  ours.  We  gather  our  supply  from  all  over  the  state. 
Fifteen  to  twenty-five  years  ago  we  were  able  to  buy  bunches  of  oak  tim- 
ber in  from  75,000  to  100,000  feet  lots,  but  now  we  pick  up  a  tree  here  and 
there  where  possible.  The  condition  has  been  reached  that  the  state  is 
swept  practically  clean  of  all  its  native  oak." 

Mr.  Howard  I.  Young,  Secretary  of  the  National  Veneer  Association, 
estimates  that  there  is  in  the  neighborhood  of  ninety  million  feet  of  oak 
veneer  manufactured  in  Indiana  annually.  This  output  Is  classified  broad- 
ly into  two  parts,  quartered  oak  veneer  amounHng  to  about  sixty-eight 
million  feet,  and  rotary  cut  oak  veneer,  amounting  to  twenty-two  million 
feet.  While  much  of  the  oak  material  Is  secured  from  Indiana,  Ohio,  and 
Illinois,  a  very  material  quantity  of  oak  logs  are  shipped  from  the  south- 
ern states  to  fill  the  demand  for  this  class  of  material. 

These  extracts  Indicate  that  for  many  years  selective  cutting  has  been 
practised  and  in  fact  has  been  increasing  as  the  years  have  passed.  Tim- 
ber area  after  timber  area  has  been  swept  clean  of  Its  black  walnut,  its 
yellow  poplar.  Its  white  oak.  Its  cherry,  and  other  trees  of  high  grade  and 
large  size.  As  a  result  the  forests  that  are  left  are  composed  of  less  de- 
sirable forms,  and  It  Is  these  less  desirable  forms  that  are  furnishing  the 
forest  of  the  future  In  so  far  as  any  such  future  Is  to  be  hoped  for.  It  is 
very  evident  from  this  statement  of  facts  that  If  the  high  reputation  of 
Indiana  timbers  is  to  l)e  malntaihed  and  that  if  Indiana  continues  to  be 
able  to  provide  material  for  Its  own  wood  manufacturing  Industries,  some 
close  attention  Is  demanded  along  the  lines  of  the  regeneration  of  existing 
wood  tracts  with  desirable  species.  This  may  mean  planting  in  certain 
open  places,  but  even  In  spite  of  the  considerable  expense  Involved  In  such 
a  process,  the  results  reached  would  far  exceed  In  value  the  cost  Incurred. 
While  the  experimental  period  at  the  State  Forest  Reserve  has  as  yet 
been  too  brief  to  furnish  data  for  authoritative  conclusions,  the  Indica- 
tions all  point  to  the  fact  that  high  grade  trees  such  as  yellow  poplar, 
black  walnut,  and  ash  will  grow  as  rapidly  as  the  catalpa  and  black  locust 
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Not  only  are  the  indications  that  they  will  grow  as  rapidly,  but  also 
that  they  will  maintain  themselves  in  a  healthy  state,  in  good  form  and  be 
relatively  free  from  insect  attack  and  fungus  disease.  While  it  is  true 
that  the  oaks  which  are  at  present  in  very  high  demand  will  not  make 
such  rapid  growth,  it  has  been  found  that  they  will  make  a  sure  and 
healthy  growth  and  that  in  all  probability  a  natural  regeneration  of  the 
existing  wood  tracts  with  our  native  oaks  and  other  high  grade  timbers 
would  be  easily  within  the  range  of  possibility,  were  it  not  for  over- 
pasturage,  damage  by  fire  and  destructive  lumbering. 

All  of  this  means  that  in  the  use  of  the  wood  lot  or  small  timber 
tract  the  owner  should  have  constantly  In  mind  its  perpetuation  in  unim- 
paired value.  No  tree  should  be  cut  unless  there  is  evidence  that  its  place 
will  be  quickly  taken  by  another  equally  desirable  form  and  this  evidence 
is  always  at  hand  in  the  presence  of  an  abundant  young  growth.  If  such 
a  young  growth  is  not  present,  cutting  cannot  be  done  without  diminish- 
ing the  value  of  the  stand.  In  every  case  the  owner  should  regard  a  stand 
of  timber  as  an  investment  from  which  he  should  derive  a  constant  rev- 
enue, while  at  the  same  time  the  investment  remains  unimpaired.  The 
scarcity  of  high  grade  timl>er,  the  eagerness  with  which  it  is  sought  and 
the  relatively  high  stumpage  values  all  combine  to  tempt  the  owner  to  such 
an  impairment  of  his  investment  but  a  yielding  to  the  temptation  is  an 
indication  of  poor  business  judgment 

It  maj'  be  necessary  in  many  instances  to  reinforce  the  relatively  slow 
process  of  natural  seed  regeneration.  This  may  be  done  cheaply  and  effi- 
ciently in  many  ways,  which  are  self-suggestive,  yet  which  will  bear  re- 
statement The  weeds  and  brush  may  be  cut  away  from  the  immediate 
neighborhood  of  the  **mother  seed  tree"  in  order  that  the  seeds  may  come 
in  closer  contact  with  the  ground  when  they  fall,  thus  greatly  increasing 
their  chances  of  successful  germination.  If  the  soil  is  hard  and  compact 
it  may  be  broken  with  a  hoe  or  plow  so  as  to  furnish  a  more  satisfactory 
seed  bed.  In  some  cases  where  the  litter  of  leaves  is  quite  deep  it  may  be 
advisable  to  rake  it  off  in  order  to  expose  the  mineral  soil  and  even  in  ex- 
treme instances  to  burn  it  off,  although  burning  over  a  tract  to  reinforce 
natural  seed  regeneration  is  an  extremely  doubtful  process  in  unskilled 
hands.  The  methods  suggested  do  not  cover  wide  areas  and  are  the  ordi- 
nary methods  used  in  the  management  of  other  crops.  Whatever  form 
they  may  take  the  result  sought  is  tlie  same,  an  increase  in  the  number  of 
seeds  germinating  by  improving  the  character  of  the  seed  l>ed. 
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It  Is  very  obvious  from  this  r€sum6  of  conditions  that  unless  the  own- 
ers of  existing  wood  lots  attaclt  the  problem  in  an  intelligent  way  the  time 
is  not  far  removed  when  practically  all  of  the  material  used  in  our  wood 
manufacturing  plants  will  have  to  be  shipped  in  from  other  states. 

The  conclusion  to  be  drawn  from  the  statements  in  the  above  para- 
graphs are  all  but  obvious.  Practically  all  of  our  forests  are  in  private 
hands  and  it  is  very  evident  that  the  timber  problem  in  Indiana  is  to  be 
solved  by  private  forestry.  The  obstacles  to  private  forestry  are  summar- 
ized by  Treadwcll  Cleveland,  Jr.,*  as  fire  risk,  ill-devised  taxation  and 
cheap  stumpage.  The  first  two  of  these  he  suggests  are  "artificial  obsta- 
cles" which  may  be  removed  by  suitable  state  legislation.  Concerning  the 
third,  Mr.  Cleveland  says:  "Cheap  stmnpage  is  the  chief  material  obsta- 
cle to  the  wide  extension  of  private  forestry.  Forestry  involves  an  in- 
vestment in  growing  timber.  If  the  investment  is  to  show  a  satisfactory 
profit,  the  product  must  not  sell  too  cheap.  As  long  as  the  product  sells 
cheap,  expenditures  will  not  be  made  to  produce  it.  and  the  lumberman 
will  continue  to  be  the  nomad  and  the  speculator  which  past  conditions 
have  inevitably  made  him.  In  order  to  hold  out  inducements  to  private 
enterprise,  forestry  must  ofTer  a  reasonable  margin  of  profit  above  the 
cost  of  growing  the  timber. 

*This  obstacle  to  forestry  is  being  steadily  removed  by  the  depletion 
of  the  virgin  forests  and  the  consequent  rise  in  stumpage  prices.  Already 
the  scarcity  of  supplies  has  resulted  in  a  number  of  cases  in  the  holding 
of  tracts  for  more  than  a  single  crop." 

It  is  evident  that  if  the  timber  supply  of  the  state  be  maintained  there 
must  be  cooperation  between  the  state  and  private  owners.  Just  what 
form  state  laws  for  the  encouragement  of  forestry  should  take  is  not 
perfectly  clear.  It  is  evident,  however,  that  legislation  should  develop  out 
of  state  conditions  and  until  the  resources  of  cooperation  have  been  ex- 
hausted, definite  legislation  should  not  be  enacted.  An  examination  of 
State  law^s  encouraging  forestry  shows  that  they  may  be  grouped  under 
two  general  heads.  First,  those  which  seek  to  stimulate  tree  planting  by 
bounties  or  tax  exemptions;  second,  those  establishing  Forest  Commis- 
sions and,  in  late  years,  State  Foresters  charged  with  duties  suggested  by 
the  conditions  in  the  state  creating  these  offices.  The  laws  under  the  first 
group  have  been,  almost  without  exception,  ineffective  and  in  very  many 
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cnses  have  been  repealed  and  In  a  considerable  number  of  other  cases  de- 
chired  unconstitutional.  Such  laws  "have  had  some  slight  educational 
value,  but  they  have  led  neither  to  the  planting  nor  to  the  preservation  of 
forests."* 

Laws  falling  under  the  second  group,  on  the  contrary,  seem  to  have 
greatly  advanced  the  cause  of  forestry.  This  has  been  done  mainly  by 
gathering  information,  cooperating  with  private  land  owners  and  giving 
advice  concerning  the  care  of  private  holdings  and  tree  plantings.  In  many 
states,  state  forests  have  been  established  and  these  have  in  every  in- 
stance proved  of  high  value.  To  quote  directly  from  Mr.  Cleveland.* 
**These  State  forests  represent  a  line  of  state  action  which  has  been  pre- 
eminently successful.  New  York  leads  the  list  in  State  forest  area  (1,611,- 
817  acres),  followed  by  Pennsylvania  (863,000),  and  Wisconsin  (253,573 
acres.)  The  smaller  attempts  of  Minnesota,  Michigan,  Connecticut,  Mas- 
sachusetts, New  Jersey,  Indiana,  etc.,  are  all  important.  The  State  forests 
speak  for  themselves.  First,  they  furnish  object  lessons  of  great  value; 
second,  they  form  the  nucleus  of  what  some  day  must  be  the  principal 
center  of  state  forest  work.  It  is  a  fundamentally  sound  policy  for  the 
State  to  own  land,  especially  land  which  does  not  offer  the  conditions 
necessary  for  prosperous  settlement." 

Under  existing  conditions  In  our  own  state,  the  most  Important  and 
Inmiediate  duty  is  an  extension  of  knowledge  concerning  the  significance 
of  existing  timbere-d  areas  in  their  relation  to  the  future  of  the  forests  and 
of  the  wood  working  industries;  of  their  value  as  investments;  of  meth- 
ods of  management  and  utilization  which  will  secure  the  maximum  revenue 
without  deterioration  of  the  stand;  of  the  importance  of  reinforcing  nat- 
ural seed  regeneration  and  of  a  more  general  practice  of  wisely  considere<l 
afforestation  methods.  The  most  casual  Inspection  of  the  present  timbered 
areas  would  prove  sufliclent  to  convince  the  most  skeptical  of  the  impor- 
tance of  intelligent  and  persistent  effort  along  the  lines  Indicated.  If,  In 
addition,  we  consider  the  large  area  of  land  at  present  utterly  unproduc- 
tive, areas  which  are  increasing  In  extent  each  year,  some  wisely  planned 
and  judiciously  applied  remedial  measures  seem  absolutely  imperative. 
The  Academy  of  Science  could  do  much  as  a  body  and  through  the  efforts 
of  its  members  to  aid  In  this  work.    The  problem  Is  sufficiently  acute  to 
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indicate  that  the  time  for  destructive  criticisms  of  present  attempts  for 
its  solution  has  passed,  and  that  the  time  has  arrived  for  cooperation  in 
this  work.  If  this  cannot  be  given,  the  criticism  should  at  least  be  con- 
structive. In  eight  years  of  service  on  the  State  Board  of  Forestry,  it 
has  been  my  privilege  to  hear  many  sharp  criticisms  of  its  personnel  and 
its  work,  but  in  all  that  time  there  has  come  neither  to  the  board  nor  to 
any  Individual  meml>er  of  it  a  single  suggestion  as  to  how  either  might  be 
improved. 

It  may  be  assumed  without  argument  that  a  complete  Invoice  of  the 
present  stand,  as  to  amount,  composition  and  distribution  is  absolutely  ne- 
cessary in  order  to  secure  results  which  are  even  approximately  satisfac- 
tory. As  a  matter  of  fact,  it  has  been  demonstrated  that  with  the  present 
sources  of  information  and  with  the  present  limitations  as  to  the  functions 
of  the  State  Board  of  Forestry  the  collection  of  such  data  is  absolutely  Im- 
possible. Yet,  it  is  evident  that  such  a  census  of  our  forests  and  such  knowl- 
edge of  their  composition  and  distribution  are  conditions  precedent  to  any 
successful  work  looking  to  the  maintenance  of  our  timber  supply.  It  is 
at  this  point  that  the  state  should  cooperate  with  the  National  Forest 
Service.  In  many  states,  such  a  forest  census  has  been  or  Is  l>eing  taken, 
the  Forest  Service  detailing  experts  for  the  work  and  the  state  paying  the 
expenses  of  the  survey.  Such  cooperation  gives  the  most  complete,  the 
most  accurate  and  the  most  easily  comparable  results  in  the  shortest  time 
and  at  the  least  expense.  If  such  cooperative  work  is  impossible,  then  the 
Board  of  Forestry  should  as  rapidly  as  its  means  will  permit,  collect  and 
organize  information  covering  these  points.  The  slightest  consideration 
of  the  future  of  the  forests  and  of  the  wood-working  industries  of  the 
state  will  show  that  the  results  of  such  a  census  would  prove  of  the  high- 
est importance,  not  only  in  determining  the  policy  of  the  state  but  in  em- 
phasizing the  significance  and  value  of  existing  timbered  areas. 

There  Is  need  also  of  much  more  exact  and  indeed  of  much  additional 
knowledge  in  relation  to  the  selection  of  species  for  planting  in  the  differ- 
ent soil,  drainage  and  exposure  conditions  of  the  state.  There  is  need 
also  of  equally  exact  knowledge  concerning  the  silvical  qualities  of  these 
species,  the  most  economical  methods  of  propagation,  their  spacing  in 
plantings,  their  cultivation  and  care  and  above  all  their  rate  of  growth 
under  variant  conditions.  The  securing  of  such  data  is  a  matter  of  years 
of  continuous  experimentation  and  this  work  the  state  is  properly  under- 
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taklDg  ou  the  State  Reserve.  There  is  necessity,  however,  that  the  fact 
should  be  kept  in  mind  tbat  results  sufficiently  definite  to  prove  of  general 
application  can  only  be  secured  as  the  results  of  large  series  of  experiments 
continued  through  many  years.  In  order,  however,  that  such  work  may 
reach  its  highest  value  there  should  be  close  cooperation  with  individual 
land  owners  throughout  the  state.  Cooperative  experimental  plats  should 
be  found  in  every  part  of  the  state.  The  seedlings  should  be  furnished 
from  tlie  state  reservation  and  should  be  planted  and  cultivated  under 
regulations  prescribed  by  the  State  Board  of  Forestry.  Regular  reports 
should  be  made  by  the  owners  to  the  Board  and  regular  inspections  of 
such  plantings  should  be  made  by  Its  Secretary.  The  conclusions  result- 
ing from  observations  covering  a  wide  range  of  conditions  and  involving 
varying  degrees  of  care  and  attention  would  evidently  be  of  much  greater 
value  than  those  possible  under  present  methods. 

There  is  cause  for  congratulation  in  the  fact  that  the  state  realizing 
the  gravity  of  the  problem  confronting  it  is  taking  steps  to  avert  the  dis- 
aster which  our  rapidly  waning  timber  supply  seems  to  indicate.  Caution 
in  such  matters  is  of  course  wise,  but  it  should  not  be  forgotten  that  as  a 
rule  a  Fabian  policy  is  ineffective  in  acute  cases.  There  is  every  reason 
for  confidence,  however,  in  believing  that  no  backward  steps  will  be  taken 
and  that  as  the  years  pass  the  development  of  a  wise  forest  management 
on  the  part  of  individual  land  owners,  will  under  the  guidance  of  the 
state  be  far  more  rapid  than  in  the  past.  There  is  reason  for  hope  also  in 
the  general  observance  of  Arbor  Day  for  it  gives  assurance  that  the  next 
generation  will  have  a  fuller  knowledge  and  a  truer  appreciation  of  the 
value  of  our  forests  than  their  parents  ever  possessed. 

Summarizing;  the  present  forestry  conditions  in  Indiana  being  as 
stated,  three  great  lines  of  work  suggest  themselves  as  immediately  neces- 
sary if  the  timber  supply  of  the  state  is  maintained : 

1.  An  educational  propaganda  emphasizing  the  importance  of  correct 
forest  methods,  the  value  and  potentiality  of  existing  wood  lots,  and  of  the 
importance  of  reclaiming  waste  lands  by  tree  planting. 

2.  A  census  of  the  present  timber  stand,  its  composition  and  its  dis- 
tribution. 

3.  Cooperative  experimental  work  on  the  part  of  the  state  and  indi- 
vidual land  owners,  for  the  determination  of  suitable  species  for  affores- 
tation, their  silvical  qualities  and  their  rate  of  growth. 
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Quite  apart  from  any  sentiment,  no  more  acute  problem  nor  one 
whicli  directly  affects  more  business  and  indiTidual  interests  confronts 
the  state.  Otliers  may  be  of  greater  magnitude,  but  certainly  no  other 
one  touches  so  intimately  such  wide  and  varied  interests. 

Purdue  University, 
Lafayette,  Ind. 
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AN  ACT  TO  PROVIDE  FOR  THE  PUBLICATION  OP  THE  REPORTS 
AND  PAPERS  OF  THE  INDIANA  ACADEMY  OF  SGIBNGB. 

[Approved  March  11,  1896.] 

Whebeas,  The  Indiana  Academy  of  Science,  a  chartered  scientific 
association,  has  embodied  in  its  constitution  a  provision  that  it  will,  upon 
the  request  of  the  Governor,  or  of  the  several  departments  of  the  State 
government,  through  the  Governor,  and  through  its  council  as  an  advisory 
board,  assist  in  the  direction  and  execution  of  any  investigation  within  its 
province,  without  pecuniary  gain  to  the  Academy,  provided  only  that  the 
necessary  expenses  of  such  investigation  are  lK)rne  by  the  State ;  and, 

Whebeas,  The  rei)ort8  of  the  meetings  of  said  Academy,  with  the  sev- 
eral papers  read  before  it,  have  very  great  educational,  industrial  and  eco- 
nomic value,  and  should  be  preserved  in  permanent  form ;  and. 

Whereas,  The  Constitution  of  the  State  makes  it  the  duty  of  the 
General  Assembly  to  encourage  by  all  suitable  means  intellectual,  scientific 
and  agricultural  improvement;  therefore. 

Section  1.  Be  it  enacted  ty  the  Oeneral  Aaaemhly  of  the  State  of 
Indiana,  That  hereafter  the  annual  reports  of  the  meetings  of  the  Indiana 
Academy  of  Science,  beginning  with  the  report  for  the  year  1894,  including 
all  papers  of  scientific  or  economic  value,  presented  at  such  meetings,  after 
they  shall  have  been  edited  and  prepared  for  publication  as  hereinafter 
provided,  shall  be  published  by  and  under  the  direction  of  the  Commission- 
ers of  Public  Printing  and  Binding. 

Sbo.  2.  Said  reports  shall  be  edited  and  prepared  for  publication  with- 
out expense  to  the  State,  by  a  corps  of  editors  to  be  'selected  and  appointed 
by  the  Indiana  Academy  of  Science,  who  shall  not,  by  reason  of  such  serv- 
ice, have  any  claim  against  the  State  for  compensation.  The  form,  style 
of  binding,  paper,  typography  and  manner  and  extent  of  illustration  of 
such  reports  shall  be  determined  by  the  editors,  subject  to  the  approval  of 
the  Commissioners  of  Public  Printing  and  Stationery.  Not  less  than  1,500 
nor  more  than  3,000  copies  of  each  of  said  reports  shall  be  published,  the 
size  of  the  edition  within  said  limits  to  be  determined  by  the  concurrent 
action  of  the  editors  and  the  Commissioners  of  Public  Printing  and  Station- 
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ery:  Pi-ovided,  That  Dot  to  exceed  six  hundred  dollars  ($600)  shall  be 
exi)ended  for  such  publication  in  any  one  year,  and  not  to  extend  beyond 
1806 :  Provided,  That  no  suras  shall  be  deemed  to  be  appropriated  for  the 
year  1894. 

Skc.  a.  All  except  three  hundre<l  (H>i)ie8  of  each  volume  of  said  re- 
imrts  shall  be  placed  in  the  custody-  of  the  State  Librarian,  who  shall 
furnish  one  copy  thereof  to  each  public  library  in  the  State,  one  copy  to 
each  university,  college  or  normal  school  in  the  State,  one  copy  to  each 
high  school  In  the  State  having  a  library,  which  shall  make  application 
therefor,  and  one  copy  to  such  other  institutions,  societies  or  i)er8ons  as 
may  be  designated  by  the  Academy  through  its  editors  or  its  council.  The 
remaining  three  hundred  copies  shall  be  turned  over  to  the  Academy  to  be 
disposed  of  as  it  may  determine.  In  order  to  provide  for  the  preservation 
of  the  same  It  shall  be  the  duty  of  the  Custodian  of  the  State  House  to 
provide  and  plac*e  at  the  disposal  of  the  Academy  one  of  the  unoccupied 
rooms  of  the  State  House,  to  be  designated  as  the  office  of  the  Academy 
of  Science,  wherein  said  copies  of  said  rei>orts  belonging  to  the  Academy, 
together  with  tlie  original  manuscripts,  drawings,  etc.,  thereof  can  be  safely 
kept,  and  he  shall  also  equip  the  same  with  the  necessarj"  shelving  and 
furniture. 

Sec.  4.  An  emergency  is  hereby  declared  to  exist  for  the  immediate 
taking  effect  of  this  act,  and  it  shall  therefore  take  effect  and  be  in  force 
from  and  after  Its  passage. 


APPROPRIATION  FOR  1910-1011. 

The  appropriation  for  the  publication  of  tlie  proceedings  of  the  Acad- 
emy during  the  years  1910  and  1911  was  Increased  by  the  legislature  in  the 
General  Appropriation  bill,  approved  March  9,  IIKH).  That  portiim  of  the 
law  fixing  the  amount  of  the  appropriation  for  the  Academy  is  herewith 
gh'en  in  full : 

For  the  Academy  of  Science:  For  the  printing  of  the  prcK'eedlngs  of 
the  Indiana  Academy  of  Science,  twelve  hundred  dollars:  Provided,  That 
any  unexpended  balan<«  in  1009  shall  be  available  in  1910,  and  that  any 
unexpended  balance  in  1910  shall  be  availal)le  in  1911. 
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AN    APT   FOU    THE    PROTKCTION    OF   BIKDS.   TIlFIlt    XKSTS   AND 

EG(JS. 

Sec.  f>02.  Whoover  kills.  tr«ps  or  has  In  his  i>ossessi<)n  jiny  wild  bird, 
or  whoever  sells  or  offers  the  same  for  sale,  or  whoever  destroys  the  nent 
or  egijjs  of  any  wild  bird,  shall  be  deemed  iniilty  of  a  misdemeanor  and 
upon  conviction  thereof  *«hall  be  fined  not  less  than  ten  dollars  nor  more 
than  twenty-flve  dollars:  Provided,  That  the  provisions  of  this  section 
shall  not  apply  to  the  following  named  game  birds:  The  Amitlda*,  com- 
monly called  swans,  geese,  brant,  river  and  sea  duck ;  the  Uallldae,  com- 
monly calle<l  rails,  coots,  mud-hens,  galllnules;  the  Llndcolae,  commonly 
called  shore  birds,  surf  binis,  plover,  snii>e,  wooiicock,  sandpipers,  tattlers 
and  curlew;  the  Gallinae,  commonly  called  wild  turkeys,  grouse,  prairie 
chickens,  quails  and  i)heasants;  nor  to  English  or  European  house  spar- 
rows, crows,  hawks  or  other  birds  of  prey.  Nor  sliall  this  section  apply  to 
I)er8ons  taking  birds,  their  nests  or  eggs,  for  scientific  imri)oses,  under  per- 
mit, as  provided  in  the  next  section. 

Sec.  (KX'l  I*ermits  may  l)e  granted  by  the  Ccwnmissioner  of  Fisheries 
and  Game  to  any  projjerly  accrediteil  i>erson,  permitting  the  holder  therof 
to  collect  birds,  their  nests  or  eggs  for  strictly  scientific  lmrl»)^e.H.  In 
order  to  obtain  .such  i)ermit  the  applicant  for  the  same  must  present  t) 
such  Commi.ssioner  written  testimonials  from  tw^o  well-knjwn  s  lentific  m^Mi 
certifying  tx)  the  good  character  and  fitness  of  such  ai)i)lic.int  to  l>e  en- 
trust e<I  with  such  privilege,  and  pay  to  such  Ccmnnissioner  one  dollar 
therefor  and  file  with  him  a  proi>erly  exe(»uted  bond  in  the  sum  of  two 
hundred  dollars,  payable  to  the  State  of  Indiana,  conditioned  that  he  will 
obey  the  terms  of  such  i)ermit,  and  signwi  l)y  at  least  two  responsible  citi- 
zens of  the  State  ais  sureties.  The  bond  may  he  forfeited,  and  the  permit 
revoked  ui)on  proof  to  the  satisfaction  of  such  Commissioner  that  thi* 
holder  of  such  i)ermit  has  kille<l  any  bird  or  taken  the  nest  or  eggs  of  any 
bird  for  any  other  ]mri><>**<^  than  that  named  in  this  section. 


Indiana  acaDemp  of  Science* 


OFFICERS,  1910-1911. 


president 
Charles  R.  Dryer. 

vice-president 
D.  W.  Dennis 

SECRETARY 
A.  J.  BlQNBY. 

ASSISTANT  SECRETARY 

E.  A.  Williamson. 

PRESS  SECRETARY 

MiLo  H.  Stuart. 

TREASURER 
W.  J.  MOENKHAUS 


executive  committee 

C.  R.  Dryer,  John  S.  Wright,  A.  W.  Butler 
A.  J.  BiGNEY,  Carl  L.  Mees,  W.  A.  Noyes, 
E.  A.  Williamson,  W.  S.  Blatchley,  J.  C.  Arthur, 
Miix)  H.  Stuart,  H.  W.  Wiley,  O.  P.  Hay, 

W.  J.  Moenkhaus,  M.  B.  Thomas,  T.  C.  Mendenhall, 

P.  N.  Evans,  D.  W.  Dennis,  J.  C.  Branner, 

A.  L.  Foley,  C.  H.  Eigenmann,  J.  P.  D.  John, 

GrjcNN  CuLBERTsoN,  C.  A.  Waldo,  J.  M.  Coulter, 

D.  M.  MoTTiER,  Stanley  Coulter,  D.  S.  Jordan. 
Robert  Hessler, 

curators 

Botany J.  C.  Arthur. 

Ichthyology C.  H.  Eigenmann. 

Herpetology  "j 

Mammalogy.   > A.  W.  Butler. 

Ornithology  J 

Entomology W.  S.  Blatchley. 
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W.  A.  COGSHALL, 


PROGRAM. 

R.  S.  Hessler, 


D.  BODINE. 


M.  B.  Thomas, 


membership. 
R.  R.  Ramsey, 


W.  W.  Blanchard. 


A.  W.  Butler 


nominations. 
Stanley  Coulter, 


G.  CulbeRtson. 


L.  J.  Rettger, 


G.  W.  Benton, 


AUDrriNG. 
F.  B.  Wade, 

State  Library. 
W.  S.  Blatchley, 


F.  J.  Breeze  . 


A.  W.  BtTTLER. 


restriction  of  weeds  AND  DISEASES. 
R.  HeSSLER,  J.  N.  HURTY,  A.  W.  BtJTLKR, 

S.  Coulter,  D.  M.  Mottier. 

DIRECTORS  OF  BIOLOGICAL  SURVEY. 

Stanley  Coulter,  J.  C.  Arthur,  M.  B.  I'homas, 

C.  H.  ElGENMANN,  U.  O.  CoX. 


M.  B.  Thomas, 


RELATIONS  OF  THE  ACADEMY  TO  THE  STATE. 

R.  W.  McBride, 
C.  C.  Deam. 


G.  Culbertson, 


J.  S.  Wmght, 


distribution  of  THE  PROCEEDINGS. 

H.  L.  Brunbr, 
A.  J.  Bigney. 


G.  W.  Benton, 


publication  of  proceedings. 
L.  J.  Rbttoer,  Editor,  D.  Bodine, 


D.  M.  Mottier. 
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CONSTITUTIOX, 


ARTICLE  I. 

Section  1.  This  association  simll  be  called  the  Indiana  Academy  of 
Science. 

Sec.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science, 
to  promote  intercourse  bet\veen  men  engaged  In  scientific  work,  especially 
in  Indiana ;  to  assist  by  investigation  and  discussion  in  developing  and 
making  known  the  material,  educational  and  other  resources  and  riches 
of  the  State;  to  arrange  and  prepare  for  publication  such  rei)orts  of  Inves- 
tigation and  discussions  as  may  further  the  alms  and  objects  of  the  Acad- 
emy as  set  forth  in  these  articles. 

Whereas,  The  State  has  undertaken  the  publication  of  such  proceeti- 
ings,  the  Academy  will,  ui)on  request  of  the  Governor,  or  of  one  of  the  sev- 
eral departments  of  the  State,  through  the  Governor,  act  through  its  coun- 
cil as  an  advisory  body  in  the  direction  and  execution  of  any  investigation 
within  its  province  as  stated.  Tlie  necessary  expenses  incurred  in  the  pros- 
ecution of  such  investigation  are  to  be  borne  by  the  State;  no  pecuniary 
gain  is  to  come  to  the  Academy  for  its  advice  or  direction  of  such  Inves- 
tigation. 

The  regular  proceedings  of  tlie  Academy  as  publislied  by  the  State 
shall  become  a  public  document. 

ARTICLE  11. 

Section  1.  Meml)ers  of  this  Academy  shall  l)e  honorary  fellows,  fel- 
lows, non-resident  members  or  active  members. 

Sec.  2.  Any  pei-son  engaged  in  any  deimrtment  of  scientific  work,  or 
in  original  research  in  any  dej>artment  of  sc*ience,  shall  be  eligible  to  active 
membership.  Active  members  may  be  annual  or  life  members.  Annual 
members  may  be  eknted  at  any  meeting  of  the  Academy;  they  shall  sign 
the  constitution,  pay  an  admission  fee  of  two  dollars  and  thereafter  an 
annual  fee  of  one  dollar.     Any  ]>er8on  who  shall  at  one  time  contribute 
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fifty  dollars  to  the  funds  of  this  Academy  may  be  elected  a  life  member  of 
the  Academy,  free  of  assessment.  Non-resident  members  may  be  elected 
from  those  who  have  been  active  members  but  who  have  removed  from  the 
State.  In  any  case,  a  three-fourths  vote  of  the  members  present  shall  elect 
to  membership.  Applications  for  membership  in  any  of  the  foregoing 
classes  shall  be  referred  to  a  committee  on  application  for  membership, 
who  shall  consider  such  application  and  r^)ort  to  the  Academy  before  the 
election. 

Sec.  3.  The  members  who  are  actively  engaged  in  scientific  work,  who 
have  recognisoed  standing  as  scientific  men,  and  who  have  been  members 
of  the  Academy  at  least  one  year,  may  be  recommended  for  nomination  for 
election  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  members  so  nominated  a  number  not  exceed- 
ing five  in  one  year  may,  on  recommendation  of  the  Executive  Committee, 
be  elected  as  fellows.  At  the  meeting  at  which  this  is  adopted,  the  mem- 
bers of  the  Executive  Committee  for  1894  and  fifteen  others  shall  be  elected 
fellows,  and  those  now  honorary  members  shall  become  honorary  fellows. 
Honorary  fellows  may  be  elected  on  account  of  special  prominence  in 
science,  on  the  written  recommendation  of  two  members  of  the  Academy. 
In  any  case  a  three-fourths  vote  of  the  members  present  shall  elect. 

ARTICLE  III. 

Section  1.  The  oflicers  of  this  Academy  shall  be  chosen  by  ballot  at 
the  annual  meeting,  and  shall  hold  oflace  one  year.  They  shall  consist  of  a 
President,  Vice-President,  Secretary,  Assistant  Secretary,  Press  Secretary 
and  Treasurer,  who  shall  perform  the  duties  usually  pertaining  to  their 
respective  oflilces  and  In  addition,  with  the  ex-presidents  of  the  Academy, 
shall  constitute  an  Executive  Committee.  The  President  shall,  at  each  an- 
nual meeting,  appoint  two  members  to  be  a  committee,  which  shall  prepare 
the  programs  and  have  charge  of  the  arrangements  for  all  meetings  for 
one  year. 

Sec.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  Executive  Committee.  There  shall  also  be  a  sum- 
mer meeting  at  such  time  and  place  as  may  be  decided  upon  by  the  Ex- 
ecutive Committee.  Other  meetings  may  be  called  at  the  .discretion  of  the 
Executive  Committee.    The  past  Presidents,  together  with  the  officers  and 
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Executive  Committee,  shall  constitute  the  council  of  the  Academy,  ami 
represent  it  in  the  transaction  of  any  necessary  business  not  e8|)ecially  ijro- 
vided  for  in  this  constitution.  In  the  interim  between  general  meetings. 

Sec.  3.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  the  attending  meml)er8  of  at  least 
one  year's  standing.  No  question  of  amendment  shall  be  decided  on  the 
day  of  Its  presentation. 


BY-LAWS. 


1.  On  motion,  any  st)ecial  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  members 
interested  in  the  same  department,  to  endeavor  to  advance  knowledge  in 
that  particular  department.  Each  curator  shall  report  at  such  time  and 
place  as  the  Academy  shall  direct.  These  rei)orts  shall  include  a  brief  sum- 
mary of  the  progress  of  the  department  during  the  year  preceding  the 
presentation  of  the  report. 

2.  The  President  shall  deliver  a  public  address  on  the  morning  of  one 
of  the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  The  Press  Secretary  shall  attend  to  the  securing  of  proi>er  news- 
paper reports  of  the  meetings  and  assist  the  Secretary. 

4.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fifteen 
days  before  such  meeting. 

5.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  President  and  countersigned  by  the  Secretary. 

6.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  Treasurer, 
shall  have  their  names  stricken  from  the  roll. 

7.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of 
business. 
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MEMBERS. 


FELLOWS. 

t  '.  A.  Abbott *1908 Fargo,  N.  D. 

R.  J.  Aley 1898 Orono,  Me. 

J.  C.  Arthur 1894  Lafayette. 

H.  E.  Barnard 1910  Indianapolis. 

J.  W.  Beede 1906  Bloomington. 

George  W.  Benton 1896  Indianapolis. 

A.  J.  Bigney 1897  Moores  Hill. 

Katherine  Golden  Bitting 1895  Lafayette. 

W.  S.  Blatchley 1893  Indianapolis. 

Donaldson  Bodine 1899  Crawfordsville. 

F.  J.  Breeze 1910  Lafayette. 

H.  L.  Bniner 1899  Indianapolis. 


Severance  Burrage 

A.W.Butler 

W.  A.  Cogshall.... 
tMel.  T.Cook... . 
tJohn  M.  Coulter. . 
Stanley  Coulter. . . 
U.  O.  Cox 


1898  Lafayette. 

1893  Indianc^olis. 

1906  Bloomington. 

1902  Newark,  Del. 

1893  Chicago,  IlL 

1893  Lafayette. 

1908  Terre  Haute. 

1899  Hanover. 


Glenn  Culbertson 

E.  R.  Cumings 1906  Bloomington. 

S.  C.  Davisson 1908  *. .  .Bloomington. 

C.  C.  Deam 1910  Indianapolis. 

D.  W.  Dennis 1895  Richmond. 

C.  R.  Dryer 1897  Terre  Haute. 

C.  H.  Eigenmann 1893  Bloomington. 

Percy  Norton  Evaas 1901  West  Lafayette. 

A.  L.  Foley 1897  Bloomington. 

M.  J.  Golden 1899  Lafayette. 

tW.  F.  M.  Goss 1893 Urbana,  111. 

Thomas  Gray  (Died  Dec.  19,  1908) ....   1893  Terre  Haute. 


•Date  of  election. 
tNon-roHidont. 
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A.  S.  Hathaway 'ISOS  Terre  Haute. 

W.  K.  Hatt 1902  Lafayette. 

Robert  Hessler 1899  Logansport. 

J.  N.  Hurty 1910  Indianapolis. 

tH.  A.  Huston 1893  Baltimore,  Md. 

Edwin  S.  Johonnott 1904  Terre  Haute. 

Robert  E.  Lyons 1896  Bloomington. 

W.  A.  McBeth 1904  Terre  Haute. 

tV.  F.  Marsters 1893  Santiago,  Chili. 

C.  L.  Mees 1894  Terre  Haute. 

tJ.  A.  Miller 1904  Swarthmore. 

W.  J.  Moenkhaus 1901  Bloomington. 

Richard  B.  Moore 1910  Indianapolis. 

D.  M.  Mottier 1893  Bloomington. 

J.  P.  Naylor 1903  Greencastle. 

tW.  A.  Noyes 1893  Urbana,  111. 

RoUa  R.  Ramsey 1906  Bloomington. 

J.  H.  Ransom 1902  Lafayette. 

L.  J.  Rettger 1896  Terre  Haute. 

David  Rothrock 1906  Bloomington. 

J.  T.  Scovell 1894  Terre  Haute. 

Albert  Smith 1908  Lafayette. 

tAlex  Smith 1893  Chicago,  111. 

W.  E.  Stone 1893  Lafayette. 

tJoseph  Swain 1898  Swarthmore,  Pa. 

M.  B.  Thomas 1893  Crawfordsville. 

tC.  A.  Waldo 1893  St.  Louis,  Mo. 

tF.  M.  Webster 1894  Washington,  D.  C. 

Jacob  Westlund 1904  Lafayette. 

tH.  W.  Wiley 1895  Washington,  D.  C. 

W.  W.  Woollen 1908  Indianapolis. 

John  S.  Wright 1894  Indianapolis. 

*Date  of  election, 
t  Non-resident.' 


NON-RESIDENT  MEMBERS. 

George  H.  Ashley Washington,  D.  C. 

J.  C.  Branner Stanford,  University,  Cal. 

12—20988] 


18 

• 

M.  A.  Brannon Grand  Forks,  N.  D. 

D.  H.  Campbell Stanford  University,  Cal. 

H.  W.  Clark Washington,  D.  C. 

H.  B.  Dorncr Urbana,  111. 

A.  Wilmer  Duff Worcester,  Mass. 

B.  W.  Everman Washington,  D.  C. 

W.  A.  Fiske Los  Angeles,  Cal. 

C.  W.  Garrett Pittsburg,  Pa. 

Charles  H.  Gilbert Stanford  University,  Cal. 

C.  W.  Greene Columbia,  Mo. 

C.  W.  Hargit Syracuse,  N.  Y. 

O.  P.  Hay Washington,  D.  C. 

Edward  Hughes Stockton,  Cal. 

O.  P.  Jenkins Stanford  University,  Cal. 

C.  T.  Knipp Urbana,  III. 

D.  S.  Jordan Stanford  University,  Cal. 

J.  S.  Kingsley Tufts  College,  Mass. 

D.  T.  McDougal Tucson,  Arizona. 

L.  B.  McMuUen Valley  City,  N.  D. 

T.  C.  Mendenhall Worcester,  Mass. 

J.  F.  Newsom Stanford,  University,  Cal. 

A.  H.  Purdue Fayettesville,  Ark. 

A.  B.  Reagan Orr,  Minn. 

J.  R.  Slonaker Stanford  University,  Cal. 

Alfred  Springer Cincinnati,  Ohio. 

Robert  B.  Warder  (Deceased) Washington,  D.  C. 

Ernest  Walker Fayettesville,  Ark. 

G.  W.  Wilson Fayette,  la. 

ACTIVE  MEMBERS, 

C.  E.  Agnew Delphi. 

L.  E.  Allison West  Lafayette. 

H.  W.  Anderson Ladoga. 

Paul  Anderson Crawfordsville. 

H.  F.  Bain San  Francisco,  Cal. 

Walter  D.  Baker Indianapolis. 

Walter  M.  Baker Redkey. 
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Edward  Hugh  Bangs Indianapolis. 

Howard  J.  Banker Greencastle. 

H.  H.  Barcus Indianapolis. 

W.  H.  Bates West  Lafayette. 

Guido  Bell Indianapolis. 

Ray  Bellamy Moores  Hill. 

Lee  F.  Bennett Valparaiso. 

Thomas  Billings West  Lafayette. 

Harry  Eldridge  Bishop Indianapolis. 

Lester  Black Bloomington. 

William  N.  Blanchard Greencastle. 

Charles  S.  Bond Richmond. 

\.  A.  Bourke Edinburg. 

Omer  C.  Boyer Lebanon. 

H.  C.  Brandon Daleville. 

Chas.  Brossmann Indianapolis. 

E.  M.  Bruce Terre  Haute. 

Wm.  R.  Butler Indianapoli.s. 

Edward  N.  Canis Indianapolis. 

E.  Kate  Carman Indianapolis. 

Lewis  Clinton  Carson Detroit,  Mich. 

Herman  S.  Chamberlain  (Deceased) Indianapolis. 

E.  J.  Chansler Bicknell. 

A.  G.  W.  Childs Kokomo. 

C.  D.  Christie Cincinnati,  O. 

J.  H.  Clark Connersville. 

Otto  O.  Clayton Portland. 

H.  M.  Clem Chicago,  111. 

Charles  Clickner Silverwood,  R.  D.  No.  1. 

Charles  A.  Coffey Petersburg. 

William  Clifford  Cox Columbus. 

J.  A.  Cragwall Crawfordsville. 

M.  E.  Crowell Franklin. 

Chas.  M.  Cunningham Indianapolis. 

Lorenzo  E.  Daniels Laporte. 

E.  H.  Davis \ West  Lafayette. 

Melvin  K.  Davis Terre  Haute. 

Charles  C.  Deam Indianapolis. 
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E.  M.  Deem Frankfort. 

Harry  F.  Dietz Indianapolis. 

James  P.  Dimonds Indianapolis. 

Martha  Doan Westfield. 

J.  P.  Dolan Syracuse. 

David  A.  Drew Bloomington. 

Hans  Duden Indianapolis. 

Arthur  E.  Dunn Logansport. 

Herbert  A.  Dunn Logansport. 

M.  L.  (Durbin)  Ellis,  Mrs Bloomington. 

J.  B.  Dutcher Bloomington. 

Samuel  E.  Earp Indianapolis. 

A.  A.  Eberly Nowata,  Okla. 

C.  R.  Eckler Indianapolis. 

Max  Mapes  Ellis Bloomington. 

H.  E.  Enders West  Lafayette. 

Samuel  G.  Evans Evansville. 

William  P.  Felver * Logansport. 

C.  J.  Fink Crawfordsville. 

M.  L.  Fisher West  Lafayette. 

Mary  A.  Fitch Lafayette. 

A.  S.  Fraley Linden. 

George  M.  Frier West  Lafayette. 

F.  D.  Fuller West  Lafayette. 

.\u8tin  Funk Jeflfersonville. 

John  D.  Gabel North  Madison. 

Jesse  J.  Galloway Bloomington. 

Andrew  W.  Gamble liOgansport. 

H.  O.  Garman Indianapolis. 

J.  B.  Garner Crawfordsville. 

Florence  A.  Gates Toledo,  O. 

Robert  G.  Gillum Terre  Haute. 

E.  R.  Glenn Brookville. 

Frederic  W.  Gottlieb Morristown. 

Vernon  Gould Rochester. 

Frank  Cook  Greene New  Albany. 

Earl  Grimes Russellville. 

vValter  L.  Hahn  (Died  May  31,  1911) Springfield,  S.  D. 
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C.  F.  Harding West  Lafayette. 

Mary  T.  Harman Bloomington. 

Walter  W.  Hart Indianapolis. 

Victor  Hendricks St.  Louis,  Mo. 

L.  R.  Hessler Crawfordsville. 

John  P.  Hetherington Logansport. 

C.  E.  Hiatt Philadelphia,  Pa. 

John  E.  Higdon ndianapolis. 

Frank  R.  Higgins.. Terre  Haute. 

S.  Bella  Hilands Madison. 

John  J.  Hildebrandt Logansport. 

Geo.  N.  Hoflfer Lafayette. 

G.  E.  Hoffman Logansport. 

Allen  D.  Hole Richmond. 

Lucius  M.  Hubbard South  Bend. 

Martha  Hunt Indianapolis. 

O.  F.  Hunziker West  Lafayette. 

Roscoe  R.  Hyde Terre  Haute. 

Harry  M.  Ibison Marion. 

J.  Isenberger • Louisville,  Ky. 

C.  F.  Jackson Durham,  N.  H. 

D.  E.  Jackson St.  Louis,  Mo.' 

A.  G.  Johnson Lafayette. 

H.  E.  Johnson Greenfield. 

A.  T.  Jones West  Lafayette. 

W.  J.  Jones,  Jr West  Lafayette. 

O.  L.  Kelso Terre  Haute. 

A.  M.  Kenyon West  Lafayette. 

Frank  D.  Kern Lafayette. 

L.  V.  Ludy West  Lafayette. 

R.  W.  McBride Indianapolis. 

Richard  C.  McCloskey Chicago,  111. 

T.  S.  McCulloch Crawfordsville. 

N.  E.  Mclndoo 

Edward  G.  Mahin West  Lafayette. 

James  E.  Manchester Minneapolis,  Minn. 

Wilfred  H.  Manwaring New  York  City. 

M.  S.  Markle Richmond 
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William  Edgar  Mason Borden. 

Clark  Mick Indianapolis. 

A.  R.  Middleton West  Lafayette. 

G.  Rudolph  Miller Indianapolis. 

F.  A.  Miller Indianapolis. 

Chas.  R.  Moore West  Lafayette. 

Geo.  T.  Moore St.  Louis,  Mo. 

Richard  Bishop  Moore Indianapolis. 

Herbert  Morrison Indianapolis. 

Frank  K.  Mowrer Marion. 

F.  W.  Muncie Crawfordsville. 

Fred  Mutchler Bowling  Green,  Ky. 

Leslie  C.  Nanney Bedford. 

Charles  E.  Newlin Indianapolis. 

J.  A.  Nieuwland Notre  Dame. 

Clayton  R.  Orton West  Lafayette. 

G.  A.  Osner Crawfordsville. 

D.  A.  Owen Franklin. 

Everett  W.  Owen Indianapolis. 

Ferman  L.  Pickett * Bloomington. 

Rollo  J.  Pierjie Richmond. 

Ralph  B.  Polk Greenwood. 

James  A.  Price Ft.  Wayne. 

W.  H.  Rankin Ithaca,  N.  Y. 

C.  A.  Reddick Crawfordsville. 

C.  J.  Reilly Syracuse. 

Allen  J.  Reynolds 

George  L.  Roberts Lafayette. 

J.  Schramm St.  Louis,  Mo. 

E.  A.  Schultze Laurel. 

Will  Scott Bloomington. 

Charles  Wm.  Shannon Brazil. 

Fred  Sillery Indianapolis. 

Oscar  W.  Silvey West  Lafayette. 

Charles  M.  Smith Lafayette. 

C.  Piper  Smith Logan,  Utah. 

Essie  Alma  Smith  Shannon Bloomington. 

E.  R.  Smith Indianapolis. 
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Geo.  Spitzer Lafayette. 

Brenton  L.  Steele Pullman,  Wash. 

Chas.  Stoltz South  Bend. 

J.  M.  Stoddard 

Milo  H.  Stuart Indianapolis. 

Julius  W.  Sturmer Lafayette. 

J.  C.  Taylor Logansport. 

Albert  W.  Thompson Owensville. 

A.  D.  Thorbum Indianapolis. 

Iro  C.  Trueblood  (Miss) Grcencastle. 

William  M.  Tucker Osgood. 

W.  P.  Turner West  Lafayette. 

Chas.  A.  Vallance Indianapolis. 

J.  M.  Van  Hook Bloomington. 

W.  B.  Van  Gorder Lyons. 

H.  S.  Voorhees Ft.  Wayne. 

Frank  B.  Wade Indianapolis. 

Luther  C.  Weeks West  Lafayette. 

Mason  L.  Weems Valparaiso. 

Daniel  T.  Weir Indianapolis. 

James  E.  Weyant Indianapolis. 

Virges  Wheeler Montmorenci. 

A.  E.  White Connersville. 

Alfred  T.  Wiancko Lafayette. 

Kenneth  P.  Williams Bloomington. 

William  L.  Woodbum Evanston,  111. 

John  W.  Woodhams Indianapolis. 

Herbert  Milton  Woollen Indianapolis. 

J.  F.  Woolsey Cleveland,  O. 

G.  A.  Young West  Lafayette. 

Jacob  P.  Young Huntington. 

L.  E.  Young « West  Lafayette. 

W.  J.  Young Washington,  D.  C. 

Lucy  Youse Terra  Haute. 

W.  A.  Zehring West  Lafayette. 

Charles  Zeleny Urbana,  III. 

Fellows,  resident 51 

Non-resident 12 

Members,  active 197 

Members,  non-resident 30 

Total 290 
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MINUTES  OF  THE  TWENTY-SIXTH 
ANNUAL  MEETING 

INDIANA    ACADEMY  OF   SCIENCE 

CLAYPOOL  HOTEL,  INDIANAPOLIS,  INDIANA. 

November  24,  25,  1910. 


The  luilinna  Academy  of  Science  met  at  the  Claypool  Hotel,  November 
24-25,  1910. 

The  Executive  Committee  held  its  regular  meeting  at  8:00  p.m..  No- 
vember 24.  The  following  members  were  present:  P.  N.  Evans,  Presi- 
dent ;  C.  R.  Dryer,  A.  J.  Bigney,  J.  S.  Wright,  A.  W.  Butler,  W.  S.  Blatch- 
ley,  George  W.  Benton,  Robert  Hessler,  and  W.  J.  Moenkhaus. 

On  proposal  of  the  treasurer,  W.  J.' Moenkhaus,  the  following  resolu- 
tion was  adopted : 

Resolved,  That  all  accounts  of  the  members  of  the  Academy  be 
regarded  as  paid  up  to  and  including  the  year  for  which  their  most 
recent  receipt  has  been  issued. 

The  State  Library  Committee,  of  which  A.  W.  Butler  was  chairman, 
rei)orted  that  the  State  Librarian  was  taking  special  interest  in  the  publi- 
cations coming  to  the  Academy. 

The  general  interests  of  the  Academy  were  then  discHissetl  at  some 
length. 

The  regular  session  of  the  Academy  was  held  at  0:00  a.  m.  Friday, 
November  25,  Professor  P.  N.  Evans  presiding. 

The  Program  Conunittee  reported  their  work  completed  as  given  iu 
the  printed  program. 

The  Committee  on  Distribution  of  the  Proceedings  reported  that  their 
work  had  been  i)erforimHl  under  the  direction  of  the  State  Librarian,  Dr. 
Demarchus  C.  Brown. 
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The  editor,   H.   L.   Bruner,   made  the   following  report   through   the 

Secretary : 

Work  performed — 

Cost  of  regular  edition  $1,070  27 

Free  reprints  183  55 

Total    $1,253  82 

The  Treasurer  rei)orted  as  follows : 

Balance  from  1909 $401  22 

Receipts  from  dues,  1910 194  00 

Total    $595  22 

Expenditures  during  1909  as  per  vouchers 271  58 

Balance,  cash  on  hand  November  25,  1910 $323  64 

W.  J.  MoENKHAUS,  Treasurer. 
Audited  and  approved. 

L.  J.  Rettgeb, 

F.  J.  Breeze. 

Auditing  Committee. 

The  President  then  apiK)lnted  the  standing  committees. 

After  the  completion  of  this  business,  Professor  P.  N.  Evans,  as  Presi- 
dent of  the  Academy,  read  his  address  on  *'The  Place  of  Research  in  the 
Undergraduate  Schools."  Dr.  Demarchus  C.  Brown  was  called  upon  to 
speak  concerning  the  books  that  come  to  the  Academy  through  his  office. 
He  called  attention  to  three  points : 

1.  That  two  consi;niments  of  books  had  been  bound,  one  of  118 
volumes  and  one  of  119  volumes. 

2.  That  he  now  had  300  volumes  ready  for  the  bindery. 

3.  That  the  list  of  domestic  exchanges  was  very  incomplete,  and 
that  there  were  now  114  foreign  exchanges  on  the  list.  This  list  was 
also  incomplete. 

He  asked  that  a  special  committee  in  Indianapolis  be  appointed  to 
quickly  decide  all  questions  relative  t(»  tlie  publications.  This  work  was 
referred  to  the  Committee  on  State  Lil)rary. 

The  reading  of  the  regular  i)apers  in  general  session  was  theo 
taken  up. 


After  Dr.  Ilossler's  paper  on  "Plants  and  Man,"  lw»  preseutod  the 
following  resolntion,  which  was  adopted: 

Resolved,  That  the  Indiana  Academy  of  Science  hereby  endorses 
the  establishment  of  a  National  D>ei)artment  of  Public  Health,  such  as 
is  advocated  by  tlie  Owens  bill. 
Papers  were  read  until  noon. 

At  2 :00  p.  m.  the  Academy  went  into  business  session.  M.  B.  Thomas, 
as  chairman  of  the  Membership  Committee,  reported  the  following  persons 
for  membership: 

Kenneth  P.  Williams. 

William  M.  Tucker. 

Jesse  J.  Galloway. 

Herbert  Morrison. 

Ray  Bellamy. 

Charles  M.  Smith. 

George  M.  Frier. 

F.  D.  Fuller. 

Mary  A.  Fitch. 

Clayton  R.  Orton. 

H.  H.  Barcus. 

M.  S.  Markle. 

J.  A.  Price. 

Harry  M.  Ibison. 

David  A.  Drew. 
They  were  elected. 
The  following  persons  were  elected  fellows: 

F.  J.  Breeze. 

C.  C.  Deam. 

J.  N.  Hurty. 

N.  E.  Barnard. 

R.  B.  Moore. 
The  Auditing  Committee  reported  the  books  of  the  Treasurer  correct. 
The  Academy  was  then  divided  into  the  following  sections  for  com- 
pleting the  reading  of  the  papers: 

A.  Zoology,  Geology  and  Geography. 

B.  Botany. 

O.    Mathematics,  Physics,  Chemistry. 
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At  8:00  p.  111.  the  Conimittee  on  Nonifnatlon  of  Officers,  A.  \V  Bntler 
clijilrinaii,  reported  as  follows: 

President — Charles  U.  Dryer. 
Vice-PreshU'iit  -David  W.  Dennis. 
Secretary — Andrew  J.  Rlgney. 
Assistant  Secretary — K.  A.  Williamson. 
Press  Secretary — Milo  II.  Stuart. 
Treasurer — W.  J.  Moenkhaus. 

They  were  elected  as  rend. 

On  motion  of  Stanley  Coulter,  it  was  decided  that  it  is  the  sense  of 
this  Academy  that  hereafter  the  nomination  for  vice-presidents  shall  not 
carry  with  it  the  promotion  to  the  office  of  president. 

President  P.  N.  Evans  then  asked  Professor  Stanley  Coulter  to  intro- 
duce the  si)eaker  of  the  evening.  Dr.  I).  T.  MacDougal,  of  the  Desert  Labo- 
ratory, Tucson,  Arizona. 

Dr.  MacDougal's  subject  was  "Desert  Days  and  Desert  Ways."  It 
was  fully  illustrated  with  numerous  lantern  slides.  This  lecture  was  one 
of  great  worth  to  every  person  present,  and  it  was  greatly  enjoyed  and 
appreciated. 
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SPRING  MEETING. 


NASIIVILLIO,  BUOWX  ('OUNTY,  MAY  20-21,   1910. 


The  spring  meeting  of  the  Academy  was  held  in  Brown  County  on  the 
ahove  date.  The  program,  as  planned,  was  carrietl  out  successfully  and 
members  who  were  able  to  attend  reported  a  pleasant  time.  The  Indian- 
ai)olis  Southern  Railroad  gave  us  a  special  car  from  Indianapolis  at  7:20 
Friday  morning,  May  20th.  We  arrived  at  Helmsburg  at  8:35,  where  we 
were  joined  by  members  of  the  Academy  who  came  from  Bloomington. 
The  party  was  met  by  Joshua  Bond,  liveryman,  with  two  hacks,  and 
without  delay,  some  riding  and  some  walking,  set  out  for  Waltman's  and 
Freeman's  orchards  and  the  Bear  Wallow.  A  lunch  of  ham  sandwiches 
and  butterudlk  was  served  here,  a?id  after  a  rest  the  route  was  followe<l 
down  the  ridge  Into  the  valley  and  along  the  road  which  follows  Grease 
(^reek,  into  Nashville,  where  ^^e  arrived  at  2:45,  tired  but  happy.  We 
left  Helmsburg  In  mud  and  mist,  but  the  day  gradually  brightened  until 
by  the  time  we  left  Bear  Wallow  the  sun  was  shining  brightly. 

The  rest  of  the  afternoon  was  spent  In  viewing  historic  and  inter- 
esting sights  in  and  about  Xashyllle.  Dinner  at  5 :30  at  IMttman's  Inn  was 
followed  by  two  hours  of  .social  chat  upon  the  broad  piazzas  of  this 
sanatorium.  At  7:45  three  .additional  members  arrived,  Including  Mr. 
Blatchley,  who  was  unable  to  be  present  during  the  day  and  who  was 
booked  for  the  principal  address  of  the  evening. 

The  public  meeting  was  held  In  the  court  house  at  Nashville.  In  the 
absence  of  President  P.  N.  Evans  and  of  Vice-President  C.  K.  Dryer,  i)ast 
President  D.  W.  Dennis,  of  Earlham,  was  asked  to  preside.  Professor 
Dennis  sjmke  of  the  work  of  the  members  of  the  Academy  for  the  State 
and  of  the  Interest  which  the  people  should  take  In  the  Academy.  He 
introduoed  Dr.  Elgenmann,  who  spoke  briefly  on  his  South  American 
fishing  experiences.  Following  Dr.  Elgenmann,  Mr.  Blatchley  was  Intro- 
duced and  gave  his  lecture  on  the  "Indiana  of  Nature,"  Illustrated  by  many 
charts  showing  the  geological  growth  of  the  State.  This  address  was 
enjoyed  by  the  audience,  which  comfortably  fllleil  the  court  room. 
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Saturday  morning:  the  party  separated  into  groups.  Some  of  theiu 
r(»tnrntHl  ou  the  early  trains,  others  returned  at  noon,  and  still  others 
stayed  until  the  following  day,  visiting  Weed  Patch  hill  and  other  points 
of  inter<»st.  The  day  started  out  rather  threatening,  hut  it  gradually 
cleared.  Altogether,  considering  the  time  of  year,  tlie  weather  was  quite 
favorahle  and  the  roads  unusually  good,  nie  following  memhers  of  the 
Academy  were  present: 


W.  S.  Blatchley, 
Donaldson  Bodine, 
G.  W.  Benton, 
E.  R.  Cumings, 
G.  W.  Chllds, 
Charles  C.  Deam, 
David  W.  Dennis, 
C.  II.  Eigenmann, 
Arthur  L.  Foley, 
E.  S.  Ferry, 


G.  M.  Frier, 
W.  C.  Goble, 
Roscoe  R.  Hyde, 
William  A.  McBeth, 
Robert  W.  McBride. 
R.  R.  Ramsey, 
Charles  Stoltz, 
J.  M.  Van  Hook, 
W.  F.  VanGorder, 
J.  S.  Wright. 

Geobge  W.  Benton,  Secretary. 
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PROGRAM  OF  THE 
TWENTY-SIXTH  ANNUAL  MEETING 

INDIANA  ACADEMY  OF   SCIENCE 

CLAYPOOL  HOTEL,  INDIANAPOLIS,  INDIANA, 

November  25,  1910. 


P.  N.  Evans,  President.  Charles  R.  Dryer,  Vice-President. 

George  W.  Benton,  Secretary.  A.  J.  Bigney,  Assistant  Secretary. 

W.  J.  MoENKHAUS,  Treasurer.  H.  L.  Bruner,  Editor. 

PROGRAM, 

Friday,  November  25. 

9:00  A,  if.,  General  Meeting. 
Business. 

President's  Address. 

Plants  and  Man — Weeds  and  Disease,  20  minutes Robert  Hessler 

An  Outline  Review  of  Indiana  Municipal  Water  Supplies, 

6  minutes Charles  Brossman 

A  New  Building  for  the  Department  of  Practical  Mechan- 
ics at  Purdue  University,  10  minutes M.  J.  Golden 

Features  of  Subterranean  Drainage  in  the  Bloomington 

Quadrangle,  30  minutes J.  W.  Beede 

The  Shi-Shi  Gig,  3  minutes Albert  B.  Reagan 

Notes  on  the  Shaker  Church  of  the  Indians,  5  minutes. . .  .Albert  B.  Reagan 

The  Wreck  of  the  "Suthern,"  5  minutes Albert  B.  Reagan 

The  Bois  Fort  Indian  Reservation  in  Minnesota,  8  minutes 

Albert  B.  Reagan 
Conservation  Problems  in  Indiana,  12  minutes Frederick  J.  Breeze 

2:00  P.  Jf.,  Sectional  Meetings. 

ZOOLOGY,  GEOLOGY  AND  GEOGRAPHY. 

Geology  of  Croy's  Creek,  Clay  Co.,  Ind.,  10  minutes C.  W.  Shannon 

The  Properties  and  Reactions  of  Thrombin,  10  minutes L.  J.  Rettger 
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Some  ( 'ouglouierate  Beds  of  Tost  Glaclnl  Origin,  5  min- 
utes     Glenn   Culbertson 

The  Nature  and  Origin  of  the  Fish  Fauna  of  the  Plateau 

of  British  Guiana,  15  minutes C.  H.  Eigenmann 

A  Physiographic  Survey  of  the  Terre  Haute  Area — Re- 
ports of  Progress,  10  minutes Charles  R.  Dryer 

The  Worlj  Done  by  Normal  Brook  in  Thirteen  Years,  20 

minutes Charles  R.  Dryer  and  Melvln  K.  Davis 

Paleolithic,  Neolithic,  Copper  and  Iron  Ages  of  Shelby  Co., 

Ind.,  10  minutes F.  W.  Gottlieb 

The  Effects  of  Ice  In  Lakes  Vyyou  the  Shore  Lines  of  the 

Same,  3  minutes Albert  B.  Reagan 

A  New  Bed  of  Trilobites.  5  minutes A.  J.  Blgney 

The  B^auna  of  the  Brazil  limestone F.  C.  Greene 

MATHEMATICS,    PHYSICS    AND    CHEMISTRY. 

The  Preparation  of  Ether.  5  minutes P.  N.  Evans 

The  Temi)erature  Coefficient   of  the   Surface  Tension   of 

Water,  15  minutes Arthur  L.  Foley 

liiiPlace's  Theory  of  Capillarity,  10  minutes Arthur  L.  Foley 

A  Derivation  of  Polsson's  Equation,  10  minutes Kenneth  P.  Williams 

The  \alue  'it  liow  Temjieratures  of  the  Specific  Heats  of  a 

Gas • C.  M.  Smith 

Gaseous  Fermentation  In  Sweetened  Condensed  Milk,  40 

minutes  O.  F.  Uunziker 

Investigations  Concerning  the  Relchert-Melssl  No.  and  the 

Relations  of  Butter  Fat  Constants  In  Butter  Analysis.  .George  Spltzer 
A  (Convenient  Laboratory  Device,  5  minutes J.  P.  Naylor 

BOTANY. 

Some  Anomalies  in  the  Gametoi)hyte  of  Dryopteris  stlpu- 

larls,  5  minutes Caroline  A.  Black 

The  Flora  of  Eastern  Nova  Scotia,  10  minutes Stanley  Coulter 

The  Weed  Problem  In  Indiana.  10  minutes Stanley  Coulter 

The  Heteroecious  Rusts  with  Aecia  on  Euphorbia Mary  A.  Fitch 

An  Example  of  Persistent  Life.  2  miinites D.  A.  Owen 

Indiana  Fungi,  5  minutes J.  M.  Van  Hook 

Steccherlnum  septentrionale  (Fr.)  Banker  in  Indiana,  10 

minutes Howard  J.  Banker 
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The  Water  Balance  of  Desert  Plants,  15  minutes D.  F.  MacDougal 

Disease  Resistance  in  Varieties  of  Potatoes C.  R.  Orton 

Tiie  Laboratory  Method  of  Determining  the   Fungicidal 

Value  of  Spraying  Mixtures,  10  minutes L.  R.  Hessler 

The  Black  Knot  of  Plum,  10  minutes H.  L.  Rees 

Additions  to  the  Indiana  Flora,  3  minutes Charles  C.  Deam 

An  Ecological  Survey  of  the  Lower  Whitewater  Gorge,  15 

minutes M.  S.  Markle  and  L.  C.  Petry 

Report  of  Work  on  Corn  Pollination  II,  3  minutes M.  L.  Fisher 

8:00  p.  m..  Address,  illustrated  by  stereopticon,  by  Dr.  D.  T.  MacDougal, 
of  the  Desert  Laboratory,  Tucson,  Arizona. 
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Pbesident^s  Address. 


By  Pebcy  Norton  Evans. 


THE  PLACE  OF  RESEARCH   IN   UNDERGRADUATE   SCHOOLS. 

The  aim  of  this  Academy  is  the  encouragement  of  research  along  sci- 
entific lines  by  establishing  and  maintaining  intercourse  among  those  en- 
gaged therein,  thus  stimulating  them  by  a  consciousness  of  companionship 
in  productive  intellectual  activity.  In  a  small  society,  embracing  in  its 
scope  all  the  sciences,  one  does  not  expect  in  these  days  of  specialization 
to  find  others  engaged  in  just  the  same  field  of  investigation  as  himself; 
it  is  through  inspiration  rather  than  information  that  the  investigator 
profits  by  these  meetings. 

It  is  now  hardly  necessary  to  emphasize,  even  to  the  non-scientific  pub- 
lic, the  importance  of  scientific  research;  to  it  mankind  owes  in  a  large 
measure  not  only  his  material  prosperity,  comforts,  and  conveniences,  which 
is  sufiiciently  obvious,  but,  what  is  even  more  important,  his  intellectual 
freedom.  The  changes  that  have  taken  place  within  the  last  century  in 
our  physical  environment,  with  the  innumerable  applications  of  science 
to  useful  purposes,  are  no  more  profound  than  our  intellectual  advance 
and  the  growing  pervasiveness  of  the  scientific  spirit  in  all  lines  of  thought, 
and  in  the  endeavor  for  human  l)etterment,  physcial,  social  and  moral. 
Our  increasingly  extensive  and  effective  philanthropies,  our  giant  strides 
in  sanitary  administration,  and  the  tottering  barriers  between  the  sects 
of  Christendom,  are  very  tangible  evidences  of  the  spirit  that  is  not  satis- 
fled  with  precedent  or  authority,  but  craves  certainty  as  to  the  facts,  and 
reasonable  explanations  for  them,  as  well  as  aims  at  the  application  of  all 
knowledge  to  the  uses  of  man. 

The  membership  of  this  Academy  happily  includes  scientific  workers 
in  many  fields.  Some  apply  the  results  of  research  to  the  needs  of  the  State 
in  developing  its  resources  and  protecting  its  citizens  against  the  injuries 
inflicted  by  ignorance  and  fraud;  others  make  science  the  servant  of  in- 
dustry and  commerce;  others,  again,  are  active  In  applying  it  to  the 
preserving  and  restoring  of  the  health  of  our  bodies.    A  large  part  of  our 
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membership,  however,  Is  mnde  up  of  those  whose  ohlet  oeciuwitlon  is 
teaching. 

While  It  has  not  alwaj-s  been  the  case,  it  is  probably  true  at  present 
that  the  most  valuable  contributions  to  human  knowledge  are  made  by 
those  engaged  in  this  profession  of  teaching.  This  is  not  surprising,  for 
the  nature  of  his  calling  demands  that  the  teacher  to  be  effective  must 
ever  continue  to  be  a  student,  and  the  thorough  study  of  any  subject 
reveals  the  limits  of  our  knowledge  in  that  field  and  tempts  the  man  of 
active  intellect  to  the  task  of  extending  those  boundaries;  there  is  surely 
no  keener  pleasure  than  the  learning  by  one's  own  search  some  truth,  how- 
ever inconspicuous,  not  previously  known. 

Not  only  does  teaching  tend  to  stimulate  research,  it  also  gives  it 
balance  by  preventing  the  too  exclusive  attention  to  the  comparatively 
narrow  field  under  intensive  cultivation;  the  necessity  of  presenting  well- 
ordered  information  covering  the  broader  subject,  and  the  oral  statement 
of  original  theories  and  conclusions,  must  have  a  broadening  and  clari- 
fying infiuence  on  the  intellectual  activity  of  the  investigator. 

As  teaching  is  a  help  to  research,  still  more  is  research  a  vitallzer  of 
teaching,  particularly  of  the  teaching  appropriate  for  graduate  students; 
indeed,  the  work  of  research  is  at  least  as  important  as  that  of  instruction 
where  advanced  students  are  concerned,  and  the  uni\'erslty  should  be  a 
source  of  knowledge,  where  those  desiring  to  devote  themselves  to  the 
same  high  quest  may  be  stimulated  by  the  example  and  companionship  of 
productive  scholars. 

The  leading  European  nations  have  apparently  realized  more  clearly 
than  we  the  value  of  scientific  research,  and  have  provided  more  adequate 
rewards  and  jnore  favorablo  environment  for  the  Investigator,  with  the 
ivsuit  that  the  ratio  of  intellectual  to  material  prosperity  is  higher  there 
than  here.  Within  the  past  generation,  however,  we  have  become  more 
awake  to  these  matters,  and  have  determined  in  our  strenuous  way  to  make 
research  "hum."  The  awakening  has  unquestionably  been  beneficial  on 
the  whole,  but  we  have,  it  seems  to  me,  failed  to  grasp  certain  fundamental 
distinctions  between  the  needs  of  graduate  and  of  undergraduate  stu- 
dents; the  hum  of  research  has  been  allowed  to  drown  the  cries  of  the 
injured  in  many  an  undergraduate  school,  where  teaching  is  sacrificed  to 
research,  and  where  too  early  sixHialization  is  encouraged  and  even 
forced  upon  the  student. 
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We  are  not  ns  yet  in  this  oountry  prodiuing  oni*  proper  share  of 
sohohirs  of  the  first  rank.  The  reasons  for  this  are  many,  Including  hasty 
preparation,  premature  specialization,  insufhcient  rewards,  and  unfavor- 
able environment. 

As  to  preparation,  those  of  us  who  contemplate  academic  careers  are 
usually  unwilling  to  invest  suftirient  capital  of  time  and  money;  we  ex- 
pect to  complete  our  scholastic  education  if  uninterrupted  at  about  twenty- 
five  years  of  age  and  then  enter  upon  an  active  career  in  which  there  Is 
little  time  or  opportunity  for  research  or  even  very  serious  or  intensive 
study,  for  the  sake  of  the  Immediate  pecuniary  reward;  in  Europe, 
several  more  jx^ars  are  spent  in  snlwrdinate  i)ositlons  as  iJi vest Iga tors,  on 
a  semi-independent  Inisis  both  scholastically  and  financially.  The  Euro- 
pean makes  a  larger  investment  and  reaps  a  larger  ultimate  reward,  not 
f  nly  in  money  but  still  more  in  Hm-  consideration  ac(*orded  to  intellectual 
eminence. 

Concerning  too  early  si>eciallzation  and  its  shallow  results,  I  shall 
speak  later;  let  it  suffice  here  to  say  iliat.  for  exami)le,  he  Is  a  t>oor 
chemist  who  is  only  a  cliemlst. 

The  rewards  at  i)rescnt  offered  for  pure  .scientific  work  In  this  country 
.ire  insufficient  to  attract  the  most  vigorous,  capable  and  ambitious  men: 
not  only,  nor  chiefly,  are  the  financial  returns  heii^  less  than  In  Europe, 
In  spite  of  our  higher  r-ost  of  living,  but  the  i>abllc  respect  for  Intellectual 
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distinction  is  far  inferior  in  this  country,  (m  account  of  our  commercialism 
and  our  acceptance  of  wealth  as  our  standard  evidence  of  merit. 

The  environment,  too,  i.s  less  favorable  to  the  highest  scientific  work 
in  that  the  numl>ers  of  those  engaged  therein  are  so  few,  and  the  national 
characterisilc  r)f  haste  rather  than  thoroughness  pervades  our  activity. 
The  value  of  real  scientific*  attainment  Is  still  but  dimly  recognized  by  the 
industrial  world;  chemists  are  employed  like  clerks,  without  graduate 
training,  and  work  like  day  lal)orers,  but  for  less  pay,  at  routine  analysis, 
with  neither  the  training  nor  the  ojuwrtunity  to  attack  the  larger  prob- 
lems In  a  fundamental  scientific  way.  Such  chemists  are  not  on  the  same 
plane  as  the  higher  chemists  in  the  German  manufacturing  industries,  who 
have  supervision  of  the  works  as  w?ll  as  the  laboratories.  One  result, 
then,  of  this  lack  of  demand  for  highly  trained  men  is  the  small  number 
pui*sulng  research  In  our  universities,  so  that  even  our  best  qualified  pro- 
fessors havie  a  mere  handful  of  research  students,  and  many  of  these  can 
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be  induced  to  continue  thoir  Idgher  edu<*ation  only  by  fellowsliips  sufficient 
to  pay  their  living  expenses;  if  such  aids  were  discontinued  the  numbers 
of  our  jjraduato  stuilents  would  1h»  even  less  favorably  impressive  than  at 
present,  thougli  in  time  the  Iarg<T  investniont  of  those  remaining  would  re- 
sult in  the  larger  salaries  that  would  have  to  be  paid  to  the  men  more 
difficult  to  find. 

The  keener  competition  in  all  walks  of  life  in  Europe  has  some  advan- 
tages— only  the  thoroughly  trained  can  hope  for  success,  hence  the  desire 
for  the  most  complete  preparation.  We  consider  ourselves  fortunate  in 
being  protected  against  foreign  competition,  and  in  being  able  in  conse- 
quence to  make  an  *'qually  good  living  with  less  effort;  but  are  we  really 
to  be  congratulated  on  our  lower  intellectual  stiindard  of  living  and  on 
our  dependence  upon  imported  thought  and  intellectual  products? 

Another  result  of  the  limited  scale  on  which  scientific  investigation  is 
being  conducted,  and  our  "high  standard  of  living,"  is  that  it  is  not  worth 
while  for  home  manufacturers  to  supply  refined  or  unusual  scientific  ma- 
terial ;  if  an  American  investigator  needs,  for  instance,  a  special  chemical, 
he  must  wait  two  or  three  months  for  its  Importation,  while  his  European 
colleague  oould  obtain  the  same  in  as  many  days  or  even  hours,  or,  if 
manufactured  here,  two  or  three  times  the  foreign  price  must  be  paid.  l*lie 
American  artisan  is  more  highly  paid  than  his  Euroi)ean  brother,  but  not 
so  the  more  eminent  intellectual  worker. 

Naturally  the  realization  of  the  value  of  Intellectual  things  Is  found 
tirst  among  those  enj»aged  In  the  work  of  education,  and  our  larger  and 
better  endowed  colleges  have  within  the  last  half  century  shown  their 
ai)preclatlon  of  i)roductlve  scholarship  and  have  develoiwd  graduate  schools 
to  compare  moiv  favorably  with  the  European  universities,  so  that  it  Is 
no  longer  necessary  for  our  students  to  go  abroad  for  the  Inspiration  of 
working  with  men  who  are  extending  the  boundaries  of  human  knowledge. 
Once  started,  the  fascination  of  research  Insures  Its  continuance  as  long  as 
a  favorable  environment  exists. 

The  institutions  that  have  been  able  by  their  large  means  to  adequately 
maintain  graduate  departments  have  been  so  amply  rewarded  by  their 
enhanced  prestige,  that  many  others,  without  sufficient  means,  have  at- 
tempted to  do  the  same  thing;  the  result  has  been  Impaired  undergraduate 
Instruction  with  a  nu)i-o  or  less  successful  Imitation  of  graduate  work. 

A  graduate  school  should  recognize  as  its  most  important  possession 
the  prcMlnctive  scholarship  of  its  faculty,  making  the  institution  a  center 
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of  new  knowledge,  and  all  other  matters  should  be  arranged  with  a  view 
to  encourage  and  stimulate  scientific  investigation.  A  very  moderate 
amount  of  class  instruction  and  other  duties  should  be  demanded  of  the 
members  of  the  faculty,  and  students  should  be  sufficiently  mature  and 
earnest  to  work  without  compulsion  and  with  little  direction  under  the 
guidance  and  inspiration  of  the  men  who  are  doing  real  original  work. 

The  case  of  the  undergraduate  school  Is  fundamentally  different.  I 
believe  that  the  prominence  given  to  research  In  many  undergraduate 
schools  is  a  positive  injury  to  the  student;  his  instructors  are  chosen  on 
account  of  their  ability  or  promise  as  Investigators  instead  of  their  quali- 
fications as  teachers,  and  even  the  student  himself  is  encouraged  or  forced 
to  undertake  so-called  research  with  entirely  Inadequate  training,  both 
as  regards  breadth  and  depth.  The  undergraduate  years  should  be  em- 
ployed in  acquiring  a  well  balanced  knowledge  of  the  fundamentals  of  the 
student's  specialty,  and  an  acquaintance  with  the  elements  of  many  allle<l 
subjects,  together  with  a  working  grasp  of  such  tools  as  modern  languages, 
to  make  professional  literature  accessible  at  first  hand,  and  mathematics, 
for  the  mental  training  and  grasp  of  the  quantitative  and  statistical  treat- 
ment of  all  studies,  and  every  undergraduate  student  should  gl^'e  such 
attention  to  history,  literature  and  economics  as  to  make  him  an  intelligent 
citizen  and  man  of  culture. 

Only  when  this  has  been  In  a  measure  accomplished — and  In  l(X)klng 
back  to  our  own  college  days  we  realize  that  a  mere  beginning  had  been 
made  when  we  graduated — is  the  student  In  a  position  to  profitably  under- 
take research,  with  a  proper  appreciation  of  what  he  Is  doing  and  how  to 
do  It,  so  that  It  Is  really  research  for  him  and  he  is  not  merely  a  pair 
of  hands  under  the  direction  of  another's  brain.  The  effectiveness  of  a 
scientific  investigator  is  generally  proportional  to  the  thoroughness  of  his 
preparation;  too  many  attempt  to  discover  new  truths  before  they  have 
grasped  those  already  dlscoveretl  by  others. 

In  many  institutions  one  of  the  requirements  for  graduation  is  called 
a  thesis,  and  such  a  tradition  is  difficult  to  dislodge,  but  I  think  the 
name  Is  unfortunately  i)retentlous  and  Is  apt  to  mislead  the  student  into 
thinking  himself  more  advanceil' than  the  facts  justify;  It  savors  of  the 
same  spirit  that  induces  the  high  school  tt>  ape  the  college  in  so  many  ways, 
In  Its  pernicious  fraternities  and  even  in  having  a  "baccalaureate"  service — 
doubtless  to  celebrate  the  fact  that  the  boys  about  to  j^aduate  are  stlU 
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iiiiiiiarrled ;  such  unwholesome  symptoms  are  usually  most  eouspicuous 
In  institutions  with  the  least  merit.  The  preparation  of  an  undergraduate 
thesis  may  be  a  valuable  item  in  the  course  if  it  is  not  so  administered  as 
to  waste  tlie  student's  time,  narrow  his  mind,  and  swell  his  head.  1 
believe  its  most  valuable  feature  is  its  comi)elliiig  him  to  go  to  original 
sources  for  information,  namely,  library  work.  Too  many  students  gradu- 
ate without  this  experience  and  with  a  knowledge  of  books  limited  to  the 
prescribed  texts  employed  in  the  course.  To  choose  a  subject  of  real  in- 
terest to  the  student  and  of  suitably  narrow  scope,  and  to  find  out  by 
systematic  search  In  the  scientific  journals  all  that  Is  known  about  it,  and 
then  to  write  an  essay  In  which  the  information  is  carefully  arranged  and 
well  presented,  is  a  task  well  worth  the  performance. 

It  is  entirely  laudable  for  every  institution  to  aim  at  ever  higher 
Koals;  not,  however,  by  raising  the  entrance  requirements  beyond  the  reach 
of  its  natural  constituents  to  meet,  even  at  the  dictation  of  some  self- 
api)olnted  board  demanding  uniformity  under  diverse  conditions,  and  not  by 
changing  the  object  of  its  training — there  would  not  be  any  necessary  gain 
to  the  comnmnity  at  large  should  a  school  of  pharmacy  gradually  become 
a  theological  seminary  or  even  a  medical  college;  a  school  of  pharmacy 
Is  just  as  neces-sary  as  either  of  the  others. 

It  is  perfectly  natural  for  any  teacher  or  group  of  teachers  to  aspire 
to  more  advanced  grades  of  work,  but  this  should  not  be  undertaken 
unless  the  more  elementary  and  fundamental  work  is  adequately  cared  for. 
We  are  sufTering  from  too  much  ainbilion  of  this  kind;  too  many  trade 
s<*hools  attempt  to  be  technical  colleges,  and  too  many  colleges  attempt  to 
be  unl verities,  at  the  expense  of  their  efliclency  in  their  original  equally 
lnu)oi'tant  field.  Let  us  Imagine  that  every  grade  school  gradually  intro- 
duced more  and  more  work  of  the  high  school,  and  that  every  high  school 
gradually  became  a  college,  and  that  every  college  gave  more  and  more  of 
its  energies  to  graduate  students  I  Or  let  us  imagine  that  every  institution 
giving  grammar  school  Instructicm  attempted  also  to  provide  training 
Uirough  the  high  school,  college  and  university  curriculum!  What  a  ridicu- 
lous and  ineflicient  educational  system  must  result.  Roughly  speaking,  for 
every  thousand  grade  schools  we  need  about  a  hundred  high  schools,  ten 
colleges  and  technical  schools,  and  one  graduate  university. 

Fort  una  icly  there  Is  a  supervision  that  prevents  the  transformation  of 
grade  scl>fiois  into  high  schools,  and  separates  the  wor|i  of  the  two  as  soon 
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as  numbers  of  pupils  justify  the  step ;  It  is  a  pity  that  there  is  no  authority 
with  power  to  insure  shnilnr  olHcieury  on  tlie  part  of  un(ler>n*adnate  and 
graduate  colleges  and  universities. 

We  are  failing  to  apprcM-iate  the  distinction  l>etwten  undergraduate 
and  graduate  work.  In  most  ways  there  is  little  more  in  common  between 
these  than  between  that  of  the  high  school  and  of  the  college,  and  the  uni- 
versity is  injured  in  the  attempt  to  make  it  a  small  part  of  a  large  college. 
Efforts  have  been  made  In  this  country  to  have  universities  unhampere<l 
by  undergraduate  departments;  unfortunately,  however,  the  country  has 
de<?lai*ed  Itself  not  yet  ready  for  such  a  logical  and  much  to  1k»  desired 
arrangement. 

The  chief  function  of  the  undergraduate  schiKil  Is  to  give  instruction 
in  such  a  way  as  to  insure  mental  development.  For  those  few  who  are 
to  proceed  to  graduate  work,  the  soundness,  breadth  and  depth  of  the 
foundation  will  largely  determine  the  safety  and  usefulness  of  the  su|)er- 
structure  of  specialization  to  be  erected  later.  The  first  qualification  for 
membership  in  the  teaching  staff  of  an  undergraduate  school  should  be 
teaching  ability  together  with  a  thorougli  knowledge  of  the  subject  to  be 
taught. 

This  teaching  ability  is  largely  a  natural  gift,  and  if  of  a  high  order 
is  not  common.  L/et  us  recognize  it,  use  it,  and  reward  it  as  an  asset  of  the 
highest  value.  It  can  not  l>e  created  by  the  study  of  pedagogy  any  more 
than  logical  thinking  by  the  study  of  logic;  it  is  founded  on  the  intuition 
of  sympathy.  Teaching  is  the  keenest  pleasure  to  some,  the  hardest 
drudgery  to  others;  the  student  readily  distinguishes  the  two.  I  would 
not,  however,  imply  that  even  tlie  best  teacher  can  work  effectively  with  th" 
undergraduate  who  struggles  to  epcape  education  or  who  is  unwilling  to 
make  any  effort  for  it  because  his  interests  are  non-intellectual ;  such  stu- 
d<»nts  have  no  proper  place  in  an  institution  of  higher  learning,  and  we 
expend  too  large  a  part  of  our  energy  in  forcing  such  material  through  to 
graduation.  The  fashionableness  of  going  to  college  is  by  no  means  an 
unmixed  blessing.  Why  does  not  some  enterprising  Individual  start  a 
college  with  luxurious  dormitories  and  means  of  recreation  and  dissipa- 
tion, where  work  shall  be  optional  and  house  parties  continuous?  Enor- 
mous fees  could  be  charged,  professional  athletes  employed,  a  suitable  de- 
gree conferred  after  four  yejirs,  and  the  working  colleges  protected  from 
young  men  not  desiring  education? 


42 

Though  the  chief  fiiiictlon  of  nu  nndeitfraduMtc  histltution  is  histruc- 
tion,  and  its  faculty  should  be  chosen  with  this  in  view,  every  such  teacher, 
to  attain  his  highest  efficiency,  should  engage  in  some  kind  of  research,  that 
is,  getting  new  information  at  first  hand.  This  can  not  fall  to  have  a  vital- 
izing effect  on  his  teaching,  keiM>inff  clear  the  distinction  bet\\^een  fact  and 
theory,  and  maintaining  his  Instruction  abreast  of  the  times. 

There  is  widespread  questioning  of  the  value  of  much  that  Is  publlshetl 
as  scientific  research,  and  it  is  easy  to  criticize  the  spirit  that  piles  up 
undigested  data  or  adds  to  the  number  of  chemical  compounds  for  the 
sake  of  having  something  to  publish ;  It  is  impossible  to  say,  however,  that 
any  such  Information  is  and  will  continue  to  be  valueless.  I  am  less  inter- 
ested in  discrediting  such  work  because  It  now  receives  higher  recognition 
from  the  undlscrlmlnatlng  In  the  educational  world  than  It  deserves,  than 
In  asking  for  recognition  for  a  kind  of  labor,  just  as  truly  research,  that 
now  receives  too  scant  credit  from  the  public  and  from  those  responsible 
for  the  distribution  of  rewards  to  college  teachers.  I  refer  to  what  may  be 
called  pedagogical  research — the  labor  involved  In  improving  and  constantly 
rejuvenating  tlie  Instructional  work.  Any  course  that  remains  unchanged 
for  many  years  Is  probably  In  need  of  repairs,  but  desirable  changes  usually 
involve  much  labor  on  the  part  of  the  Instructor.  The  teacher  whose  heart 
Is  in  his  teaching  and  who  carries  the  usual  overload  of  duties  Is  likely 
to  be  kept  busy  ai  just  such  work,  and  have  no  time  left  for  the  more  con- 
ventional kinds  of  research ;  but  his  students  will  profit  by  his  labors.  The 
administrative  officer  who  directly  iir  Indirectly  puts  pressure  upon  a 
college  teacher  to  neglect  Ms  teaching  is  seriously  Injuring  the  college;  yet 
this  is  by  no  means  uncommon,  intentionally  or  otherwise. 

Research,  of  whatever  kind,  Is  largely  a  matter  of  Inspiration,  and  can 
not  be  foree<l;  as  profitably  might  a  poet  be  urged  to  become  a  painter  as 
a  scholar  be  pressed  to  undertake  Investigations  foreign  to  his  inspiration. 
Left  to  himseir  the  Investigator  will  (^o  what  he  Is  most  Interested  In  and 
therefore  likely  to  do  most  fruitfully;  to  attempt  to  force  a  teacher  whose 
Instincts  are  for  pedagogical  research  to  other  kinds  of  investigation  is 
likely  to  si>oil  a  good  teacher  and  make  a  mediocre  investigator.  The 
method  of  forcing  connnonly  practiced  is  the  Indirect  but  very  effectual  one 
of  recognition  of  publislied  research  by  promotion  and  increased  remunera- 
tion, whl]t»  devotion  to  teaching  and  i>edagoglcal  research  receive  no  such 
rewards. 
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Let  us  recall  our  own  undergraduate  experiences.  Did  we  not  in  many 
cases  get  most  stimulation  and  make  most  progress  under  teachers  unknown 
in  the  professional  journals?  It  Is  to  be  expected,  indeed,  that  the  teacher 
whose  chief  pride  and  Interest  are  in  his  teaching,  and  whose  chief  reward 
is  the  advancement  of  his  students,  should  be  of  more  real  value  to  those 
students,  than  the  investigator  whose  hours  of  reflection  are  devoted  to  the 
problems  of  his  research,  and  to  whom  the  Instruction  of  classes  Is  inci- 
dental if  not,  as  in  many  cases,  an  unwelcome  interruption.  Gifts  of  an 
e(iually  high  order  for  instruction  and  for  investigation  are  not  usually 
found  in  the  same  individual;  let  each  give  his  main  effort  to  what  he 
can  do  best ;  let  the  investigator  work  with  mature  students  and  the  teacher 
with  the  immature,  and  let  the  distributors  of  rewards  make  no  invidious 
distinctions  in  the  recognition  of  the  two  equally  necessary  and  meritorious 
services. 

While  it  is  eminently  desirable  that  a  teacher  should  be  also  an  In- 
vestigator, In  every  faculty,  some  members  have  more  pronounced  ability 
than  others  In  this  direction,  and  It  Is  proi^er  that  such  should  receive 
special  consideration  as  to  other  demands  upon  their  time  and  attention 
In  order  to  enhance  their  productiveness  by  favorable  conditions.  To  the 
others,  whose  bent  Is  less  marked  In  the  direction  of  research,  should  be 
assigned  the  duties  of  administration  and  the  committee  work,  with,  If 
necessary,  the  high  school  commencement  addresses.  Neither  should  the 
more  general  business  of  the  college  be  regarded  as  of  any  less  value  or 
Importance  than  research,  or  less  worthy  of  reward.  To  be  sure  It  has  not 
the  same  advertising  value,  but  an  Institution  of  learning  should  be  above 
adopting  the  motto  "(luick  returns  and  small  protits."  The  most  enduring 
good  accrues  to  the  students,  and  therefore  to  the  college,  from  Inspired 
teaching  and  wij=e  and  careful  administration. 

It  Is  the  part  of  wisdom  to  provide  as  favorable  conditions  as  circuuj- 
stances  will  permit  for  the  encouragement  of  research. 

Several  factors  more  or  less  obvious  enter  into  this  favorable  environ- 
ment and  Influence  the  productiveness  of  t!ie  investigator,  but  the  real  deter- 
mining  factor  is  in  the  man  himself;  he  nnist  have  ideas,  enthusiasm,  and 
Industry ;  he  may  even  be  a  crank ;  \w  must  have  an  accurate  memory  to 
retain  the  results  of  extensive  reading,  and  as  much  as  any  one  can  proti' 
by  good  health,  to  withstand  the  strain  of  concentrated  and  continuous 
effort;  he  must  be  absolutely  honest  with  himself  and  the  professional 
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world.  If  he  has  the  necessary  qualities  It  is  very  unfortunate  if  his  cir- 
cumstances do  not  permit  their  most  fruitful  activity;  if  he  has  not,  let  him 
serve  his  institution  in  other  waj^s  for  which  he  is  better  fitted — ways  of 
eiinal  imi)ortance.  Few  men  can  spend  several  hours  dally  with  classes, 
several  more  in  administratlx'e  work,  one  or  two  more  in  committees,  and 
have  any  vitality  left  either  for  research  or  professional  growth. 

The  greatest  need  of  most  successful  college  teachers  is  more  time  to 
think.  The  evil  effects  of  the  !>rcvalent  rush  become  apparent  only  verj- 
slowly — in  the  course  of  years — in  a  gradually  failing  effectiveness  for  lack 
of  mental  nourishment.  No  one  can  use  a  few  minutes  now  and  then, 
snatched  from  the  more  urgent  duties  of  the  moment,  to  do  or  even  think 
real  research;  Ideas  do  not  come  on  demand,  interrni»tlons  are  ofts^n  fatal 
to  Inspiration,  experimental  work  often  must  be  continuous  to  lead  to 
results;  Investigation  that  is  worth  while  is  not  a  routine  operation  to  lte» 
started  and  stopped  by  a  gong;  there  must  be  mental  growth  as  a  back- 
ground. It  would  probably  Ik»  economical  In  the  long  run  if  the  real 
teacher- in  vest!  gat  or  could  lie  assured  of  uninterrupted  privacy  for  half  of 
<?very  day. 

In  addition  to  time  for  thought,  reading,  exi)erlmentatlou  and  writing, 
the  teacher  of  science*  nee<ls  space  and  material  equii)ment.  There  is  a 
temptation  to  spend  money  most  freely  in  ways  that  lead  to  the  most  tan- 
gible results,  and  would-be  l)t»nefactors  may  cause  serious  embarrassment 
by  providing  buildings  without  e<iuipment  or  endowment ;  blessed  be  the 
liberal  contributors  to  the  "general  fund."  meaning  etpilpment  and,  most 
Important  of  all.  competent  men. 

In  the  providing  of  suitable  buildings  with  limited  moans,  circumstances 
nujst  decide  how  much  can  be  devoted  to  what  may  be  called  luxuries  and 
quality  as  against  necessities  and  quantity;  it  is  certainly  desirable  to  have 
buildings  as  beautiful  as  i>osslble,  but  not  at  the  expense  of  adequate  size 
and  eiiuipment. 

Books  are  too  often  a  crying  need ;  they  cost  so  much  and  they  show  so 
little;  and  yet  without  them  research  is  Imimssible.  The  most  serious  lack 
is  usually  that  of  complete  Illcs  of  the  sdentilic  journals,  which  can  wercr 
be  pnrchasid  on  a  non-accumnlnting  allowance*  of  a  hundred  dollars  a  yejjr. 
The  value  of  the  library  hnblt  t<:  the  Mudent  can  hardly  be  o\erestimated, 
but  to  develop  this  plenty  of  lMM)ks  and  an  attractive  place  for  reading  them 
are  almost  indispe»sid»lt\    Ib>w  welconie  to  the  business  manager  of  many 
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a  college  in  .straitened  circumstances  would  be  the  professor  who  "did  not 
read  boolis  but  wrote  them." 

Turning  now  to  the  cjuestion  of 'assistance,  from  the  purely  business 
standpoint  a  man  should  not  be  required  to  do  what  a  cheaper  man  can 
do  as  well;  the  problem,  however,  is  by  no  means  solved  by  so  stating  it 
The  i)rofitable  use  of  assistants  is  a  far  from  simple  matter;  their  duties 
should  be  so  assigned  and  supervised  that  their  time  may  be  spent  to  the 
advantage  of  the  department  and  also  to  their  own  obvious  profit.  The 
men  available  have  usually  recently  graduated  and  should  realize  that  the 
salary  is  not  the  chief  reward  for  their  services,  but  that  the  time  spent 
as  an  assistant  in  a  well  conducted  dti)artment  is  valuable  as  a  period  of 
education  and  necessarily  precedes  any  more  advanced  position  in  the  col- 
lege or  university  world.  The  assistant  should  welcome  all  such  experience, 
even  if  some  drudgery  is  included,  as  give  him  an  insight  Into  the  teaching 
of  his  subject  and  the  management  of  departmental  business,  such  as  the 
handling  and  ordering  of  supplies,  the  administration  of  classes,  and  the 
keeping  of  systematic  records.  To  really  review  and  extend  his  knowledge 
of  the  fundamentals  of  his  subject  so  as  to  meet  the  needs  of  students  en- 
titled to  his  help  is  no  slight  task,  but  the  assistant  should  use  his  utmost 
efforts  towards  progress  in  more  advanced  study  and  in  research  if  his 
preparation  is  adequate.  The  assistant  who  shows  the  right  qualities  will 
not  long  fail  to  receive  recognition  and  promotion;  in  the  teacher's  pro- 
fession "everything  comes  to  him  as  can  wait"  as  far  as  he  has  the  qualifi- 
cations. Given  the  natural  ability,  industry  and  personality,  thorough  prep- 
aration will  compel  success ;  an  assistant's  position  in  a  large  and  eflSclent 
department  in  association  with  successful  men  is  better  preparation  for 
ultimate  success  in  college  or  university  work  than  the  better  paid  positions 
in  high  schools  open  Xo  men  of  equal  training. 

Those  having  charge  of  assistants  should  see  to  it  that  there  is  oppor- 
tunity and  encouragement  for  proper  growth..  It  is  through  such  assist- 
ants that  the  older  teachers  may  hope  to  accomplish  research,  in  doing 
which  both  are  equally  benefited.  It  is,  however,  something  of  a  deception 
to  call  such  assistants'  positions  "fellowships"  if  the  duties  of  the  depart- 
ment  occupy  any  considerable  part  of  the  time. 

It  is  oertainly  desirable  that  the  more  experienced  teacher  should 
delegate  to  assistants  such  of  his  work  as  can  be  properly  done  by  them; 
It  is  very  undesirable  that  he  should  cease  to  have  direct  and  constant  con- 
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tact  with  the  work  of  students;  the  direction  and  development  of  courses 
should  remain  actually  in  his  hands  and  the  work  of  assistants  be  under 
constant  scrutiny.  When  it  becomes  impossible  for  a  course  to  continue 
actually  under  the  direct  management  of  a  senior  instructor  it  should  be 
placed  in  charge  of  a  qualified  associate  whose  responsibility  will  be  the 
incentive  for  his  best  work;  the  plan  followed  in  some  universities  of 
having  courses  nominally  in  the  hands  of  those  for  whom  it  is  impossible 
to  actually  direct  the  work,  which  is  really  done  by  Junior  men,  is  essen- 
tially unfair  to  the  latter  in  withholding  from  them  the  credit  to  which 
they  are  entitled,  not  conducive  to  the  best  results  in  that  It  fails  to  provide 
the  incentive  for  devoted  effort  on  the  part  of  those  actually  planning  and 
administering  the  work,  and  an  Imposition  on  the  college  and  the  public, 
who  believe  the  courses  to  be  really  administered  by  the  more  widely  known 
teacher.  Many  a  student  has  been  disappointed  In  finding  that  he  has  little 
or  no  contact  with  the  man  advertised  as  having  the  work  in  charge. 

In  growing  institutions  It  is  the  usual  experience  of  the  teacher  that 
other  duties  encroach  more  and  more  upon  his  Instruction  and  research,  the 
latter  being  first  8acrlflce<l.  Some  of  these  are  Indispensable,  such  as  the 
keeping  of  accurate  records  of  students*  work,  and  as  institution  and  de- 
partment grow  there  is  some  unavoidable  increase  in  the  machinery  for 
handling  students;  the  red  tape  and  machinery  should  be  recognized  as  a 
necessary  evil — a  means  not  an  end — and  kept  at  a  minimum ;  If  the  choice 
were  Imposed  between  good  teaching  with  no  records  and  good  records 
with  no  teaching,  the  election  would  be  simple.  There  may  be  a  conflict  of 
opinion  on  this  subject,  however,  between  the  engineer  of  the  beautiful 
machine  and  the  poor  laborer  whose  energies  are  consumed  in  feeding  It 
with  reports.  I  believe  that  we  devote  too  large  a  part  of  our  attention  to 
the  lazy  and  Incompetent,  to  the  detriment  of  the  more  energetic  and  able 
students  on  account  of  the  struggle  for  the  prestige  accorded  to  numbers, 
which  we  may  also  charge  ^vith  the  use  of  colleges  as  lounging  places  for 
the  sport  and  the  intellectual  dead-beat.  It  is  surely  unfortunate  If  a 
teacher  has  to  spend  his  time  in  keeping  elaborate  records  of  and  forcing 
the  loafers  Instead  of  stimulating  and  satisfying  the  gifted. 

The  question  of  salary  has  an  intimate  bearing  upon  the  efliclency  of 
college  teachers,  and  It  is  generally  admitted  that  they  are  underpaid.  The 
cost  of  living  varies  so  widely  in  different  college  towns  that  a  salary 
adequate  in  one  would  be  entirely  insufllclent  In  another,  so  that  It  Is 
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linpostilble  to  name  a  suitable  figure.  As  a  general  principle,  however,  it 
may  be  accepted  that  the  remuneration  should  be  enough  to  attract  men  of 
energy  and  ability  and  make  possible  their  best  work.  It  is  not  desirable  that 
teachers  should  vie  with  the  commercial  classes  in  display  or  in  expensive 
amusements,  and  men  of  intellectual  strength  would  not  wish  to;  it  is 
proi)er  that  they  should  receive  enough  to  permit  comfort  without  anxiety, 
membershi[>  in  scientitic  societies  and  the  attendance  upon  their  meetings, 
books  and  other  professional  tools,  and  also  travel,  society,  and  the  enjoy- 
ment of  music  and  art,  for  the  sake  of  their  own  broad  development  and 
consequent  influence  in  society  as  well  as  with  their  students.  The  man 
who  never  sees  anything  but  his  home  and  his  place  of  business  Is  certain 
to  be  narrow.  Many  young  men  ruin  their  professional  prospects  by  mar- 
rying on  a  very  small  income  even  before  their  education  is  complete ;  It  is 
no  evidence  of  a  lack  of  sentiment  for  a  man  to  postpone  marriage  until  he 
Is  in  a  position  to  properly  maintain  a  family.  Further,  it  Is  surely  the 
cause  or  the  result  of  a  second  rate  qualification  as  a  college  teacher  to 
attempt  to  carry  on  another  business  with  no  bearing  upon  his  profes- 
sional pursuits  for  the  sake  of  the  increased  income.  Scarcely  less  valu- 
able is  the  semi-professional  routine  of  tutoring,  commercial  analysis,  and 
even  the  preparation  of  uninspired  text-books,  for  the  same  reason.  These 
things  do  not  give  the  best  preparation  for  and  naturally  do  not  lead  to  the 
highest  university  positions,  though  they  do  bring  immediate  financial 
reward ;  better  far  devote  the  time  to  some  research  if  there  is  any  in  the 
teacher,  and  qualify  for  advancement  in  the  college  or  university  world.  In 
education  as  in  business,  both  the  teacher  and  the  institution  may  expect 
to  get  what  has  been  paid  for;  if  the  teacher  gives  less  than  his  best 
efforts  he  may  look  for  less  than  a  full  reward,  and  the  Institution  that 
seeks  bargains  in  teachers  will  probably  get  something  cheap— and  nasty; 
if  first  rate  results  are  to  be  achieved  the  price  of  first  rate  ability  must  be 
paid,  allowing  for  a  long  and  expensive  preparation. 

The  bearing  of  this  upon  the  question  of  research  is  evident;  to  culti- 
vate the  vitality  of  the  intellect  it  must  be  free — free  from  anxieties  as  to 
the  necessities  of  life,  free  to  proceed  In  broad  and  deep  channels,  with  all 
the  incentives  of  intercourse  with  things  intellectual  and  asthetlc. 

The  story  is  told  of  a  college  teacher  who  was  conspicuous  at  prayer 
meetings,  that  it  was  his  custom  in  closing  a  lengthy  petition  covering  a 
large  amount  of  detail  to  say,  "And  now,  O  Lord,  to  recapitulate,"  and  so  on. 
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Permit  me,  then,  in  conclusion  to  summarize  the  points  I  have  tried  to 
present.  In  undergraduate  schools  research  has  a  very  important  place  as  a 
stimulator  and  vitalizer  of  tlio  teachincc;  it  is,  however,  a  secondary  calling 
and  should  not  be  allowed  to  interfere  with  the  main  function  of  the 
teacher,  namely  instruction.  The  selection  of  men  for  such  positions  should 
be  based  primarily  on  their  qualifications  as  teachers,  and  research  should 
not  be  undertaken  until  a  broad  and  deep  foundation  has  l)een  laid.  The 
value  of  research,  however,  makes  it  most  important  that  men  capable  of 
doing  It  should  be  helped  in  tlicir  efforts  by  the  most  favorable  environ- 
ment possible. 
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Pkvnts  and  Man:  Weeds  and  Diseases. 


By  Kobebt  Hessleb. 

Indiana  may  be  divided  toijograpliically  into  tliree  parts — tlie  southern 
hilly,  the  central  rolling,  and  the  northern  part  flat  and  wet.  With  the 
exception  of  the  northwest,  the  whole  State  was  originally  densely  covered 
with  forests.  The  wet  lands  are  being  drained  more  and  more  and  the  land 
brought  under  cultivation.  The  soil  is  rich  and  produces  heavy  crops.  It  is 
surprising  to  leani  that  along  the  Kankakee  first  year  crops  require  prac- 
tically no  cultivation,  because  there  are  no  weeds.  The  next  year  a  few^ 
come  in ;  many  are  found  by  the  third  year,  and  after  that  farming  becomes 
mainly  a  contest  against  weeds. 

Bringing  the  land,  wht^ther  densely  forested  or  marshy  prairie,  into 
cultivation  means  displacinfr  the  native  flora  by  foreign  plants.  These 
latter  are  of  two  kinds — those  brought  in  purposely,  cultivated  plants  of  all 
kinds,  and  those  brought  in  unintentionally,  mainly  weeds.  Today  most  of 
our  worst  weeds  are  foreigners  that  have  come  from  all  parts  of  the  world, 
especially  from  Europe,  where  for  ages  weeds  have  been  fought  and  where 
certain  ones  have  developed  resisting  qualities.  Weeds  are  introduced  in 
imported  seed  and  also  largely  in  hay  and  straw,  used  in  crating.  In  waste 
places  about  cities  where  trash  is  thrown  one  may  expect  to  find  "new 
weeds."  Some  are  also  brought  in  by  the  railroads,  the  seed  lodging  on 
cars  and  falling  off.     Some  are  brought  down  by  rivers. 

When  man  cuts  down  the  forests,  plows  the  prairies  and  drains  the 
marshes,  he  Is  disturbing  the  "balance  of  nature,"  and  animals  and  plants 
move  about  to  find  new%  suitable  homes.  Animals,  of  course,  move  about 
very  freely ;  If  their  homes  are  destroyed  they  seek  new  ones ;  every  botanist 
knoT\-s  that  plants  do  the  same.  That  is,  seed  is  carried  about  and  germl- 
jiates  here  and  there;  If  conditions  are  favorable  the  plant  may  thrive, 
become  re-established.  If  conditions  are  unfavorable  it  may  perish  very 
quickly,  or  it  may  persist  for  a  year  or  two.  Thus  at  present  some  of  our 
native  plants  may  be  seen  in  localities  where  they  had  not  been  seen  the 
year  before  or  where  they  had  not  been  seen  for  many  years.  I  have  a 
number  of  notes  of  such  "moving  about"  plants. 
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When  the  old  style  rail  fences  were  still  common,  many  plants  found  a 
home  along  them ;  they  perished  under  wire  fence  conditions.  Some  species 
may  flourish  for  several  years  in  wet  meadows  until  a  dry  season  destroys 
them.  On  the  other  hand,  dry  soil  plants  may  flourish  until  a  wet  season 
drowns  them  out.  Some  will  ^row  in  ungrazed  pastures.  A  number  of 
other  factors  might  be  mentioned,  but  It  will  perhaps  be  seen  from  the 
alK)ve  why  some  plants  are  constantly  on  the  move.  Some  people,  like 
plants  and  animals,  are  also  constantly  on  the  move.  We  need  only  think  of 
the  frontiersman  who  feels  crowded  when  a  neighbor  moves  within  a  mil*? 
of  him.    But  this  type  has  almost  disappeared. 

For  a  number  of  years  I  have  been  going  along  the  railways  and  rivers 
looking  for  new  arrivals.  It  Is  surprising  to  note  the  number  of  new  weeds 
that  have  come  In  and  are  still  coming.  The  railways  in  many  respects 
furnish  Ideal  situations.  Here  and  there  the  right  of  way  is  level,  alternat- 
ing with  steep,  dry  and  gravelly  embankments  and  wet  ditches,  occasionally 
there  Is  a  little  pond;  all  these  furnish  a  variety  of  habitats  for  different 
si^ecies.  One  destructive  factor,  however,  must  be  considered — the  annual 
weed  cutting,  as  re<iuired  by  law.  This  means  that  many  plants  cannot 
thrive;  they  are  cut  off  about  seed  time.  (By  the  way,  in  my  observations 
the  railways  alone  observe  the  State  weed  cutting  laws;  it  is  practically 
neglected  by  road  sui)ervisor8.)  In  the  Proceedings  (Academy  of  Science) 
for  1893  I  published  a  list  of  thlrty-flve  immigrants,  of  which  at  least  half 
a  dozen  subsequently  became  common  weeds,  to  be  found  throughout  the 
county. 

When  I  made  a  tour  through  the  West,  In  1905,  I  was  surprised  to  note 
how  free  the  Yellowstone  Park  is  from  our  common  weeds ;  I  saw  only  one 
or  two;  evidently  they  are  just  beginning  to  come  in.  On  the  other  band, 
in  traveling  through  the  West,  I  saw  a  number  of  plants  that  I  had  pre- 
viously found  as  adventlve  plants  along  tlie  railways  here  at  home.  I  felt 
like  greeting  them  as  old  acquaintances.  I  saw  many  plants  that  I  felt 
sure  would  come  to  Indiana  in  the  course  of  time;  in  fact,  as* those  who 
keep  track  of  plants  well  know,  new  ones  are  appearing  from  year  to  year. 

One  year  at  Longcliff  (the  Northern  Indiana  Hospital  for  Insane)  we 
had  a  large  field  of  Crimson  Clover,  the  seed  having  been  obtained  from  a 
seedsman.  In  passing  it  one  day  I  noticed  a  number  of  strange  weeds  and 
I  at  once  came  to  the  conclusion  that  this  Crimson  Clover  had  been  Im- 
ported from  PJuroi)e.    A  few  years  later,  while  in  Germany,  I  saw  these 
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same  weeds  in  fields,  and  I  tbeu  concluded  that  that  seed  had  been  im- 
ported from  Germany.  Moreover,  while  traveling  through  different  coun- 
tries in  Europe  I  saw  a  number  of  weeds  that  I  instantly  recognized, 
because  I  had  seen  them  at  borne  as  immigrants.  There  were  many  that  I 
expected  would  come  to  Indiana  in  time — and  they  are  coming;  new  ones 
appear  every  year.  TJiis  summer,  for  instance,  I  found  a  little  composite 
plant  (Galinsoga  parviflora) — it  has  no  common  name — about  Longcliff.  I 
had  seen  the  plant  about  Berlin;  the  German  botanies  stated  that  it  had 
been  introduced  from  western  South  America.  I  have  been  wondering 
whether  the  plants  at  Longcliff  had  come  from  Germany  or  direct  from 
western  South  America.    It  would  be  interesting  to  know  the  facts. 

Several  years  ago  I  had  as  a  patient  an  old  farmer  who  came  to  an 
adjoining  county  when  the  country  was  first  settled.  He  gave  me  many 
facts  regarding  early  conditions ;  how  the  dense  forest  had  to  be  cut  down 
and  clearings  made;  how  the  small  truck  patch  required  very  little  atten- 
tion because  there  were  no  weeds,  but  in  time  weeds  gradually  came  In 
and  then  the  farmer  had  to  fight  weeds  just  as  now  in  the  Kankakee  region. 
He  also  told  of  the  coming  in  of  pests  and  parasites  of  all  kinds,  including 
rats  and  mice,  lice  on  animals,  and  blights  and  rusts  on  plants.  He  remem- 
bered when  the  peach  blight  first  came,  proving  very  destructive  to  peach 
trees.  Unfortunately  T  kept  no  record  of  dates.  I  have  often  regretted 
that  I  did  not  make  memoranda  because  these  are  matters  f^  which  we 
must  rely  more  and  more  on  what  Is  already  recorded  In  the  books. 

I  live  on  a  four-acre  lot  at  the  edge  of  town.  In  front  of  the  house 
there  Is  the  lawn;  in  the  rear  along  the  river  there  Is  pasture;  on  one  side 
there  Is  the  garden  and  on  the  other  the  orchard.  Then  there  Is  the  bam 
lot  and  also  a  neglected  bit  of  laud.  (There  are  also  two  little  plots,  one  for 
wild  flowers  and  another  for  plants  grown  from  seed  brought  from  foreign 
countries.)  There  Is  a  variety  of  habitats  for  plants  and  It  Is  interesting  to 
note  how  some  flourish  In  one  situation  and  some  In  another.  The  move- 
ment of  plants  Is,  of  course,  constantly  Interfered  with  by  cultivation  and 
weeding,  notably  In  the  garden  and  on  the  lawn.  Some  weeds  are  very 
resistent;  in  the  barn  lot,  in  spite  of  one  or  two  cuttings  every  year,  the 
Jimson  weed  and  the  Spiny  Amaranth  continue  to  grow;  every  year  there 
are  two  or  thre<»  i)lants.  In  the  pasture  again  there  Is  a  small  patch  of 
Canada  Thistles.  This  plot  has  been  cut  down  and  plants  hoed  down  two 
or  three  times  every  year  for  the  past  oijjht  years,  and  still  the  thistles 


52 

are  able  to  niniiitniii  tlieniselv*»s.  The  garden,  of  course,  requires  constant 
weed  lug.     Practically  all  tbe  weeds  on  the  place  are  foreigners. 

I  just  referred  to  a  neglected  bit  of  land,  to  an  idle  plot  of  ground. 
This  at  tirst,  eight  years  ago,  was  covered  with  Blue  grass  and  grazed. 
The  number  of  plants  that  have  come  in  since  is  something  remarkable. 
Equally  remarkable  is  the  absence  of  common  weeds ;  they  seem  not  to  get 
a  start  in  the  dense  covering  of  Blue  grass.  Barnlot  weeds  are  never  found 
in  that  patch,  nor  some  of  the  common  garden  weeds.  Among  the  plants 
to  appear  were  a  number  of  trees  and  shrubs.  I'nfortunately,  three  years 
ago,  a  cow  got  in  and  many  of  the  plants  were  killed  off,  but  the  way  the 
shrubby  and  woody  plants  sju'ing  up  would  indicate  that  in  a  short  time 
there  will  be  a  forest  and  light-loving  plants  will  be  wholly  crowded  out. 

It  is  interesting  to  note  how  in  the  South,  old  exhausted  cotton  land 
when  left  to  nature  grows  up  in  pine  forests,  Old  Field  Pine,  but  the  wood 
has  so  little  substance  that  a  tree,  when  cut.  will  wholly  fade  away  in  the 
coui*se  of  a  year.  It  wrtainly  takes  a  long  time  for  exhausted  soil  to  regain 
its  strength  and  for  trees  worth  while  to  again  get  a  foothold. 

Besides  tramping  along  railways  in  search  of  new  arrivals,  I  fre- 
quently take  strolls  alxmt  neglected  parts  of  the  city  to  see  whether  any  new 
weeds  have  come  in  and  what  changes  have  taken  place  among  those 
already  present.  One  day  last  summer  1  started  out  from  the  heart  of  the 
city  where  there  is  no  vegetation,  no  grass  and  no  trees,  because  streets 
and  sidewalks  are  everywhere  paved.  I  went  along  one  of  the  neglected 
streets  which  is  either  deep  in  dust  or  in  mud.  This  street  has  practically 
no  trees  at  all.  Along  the  gutters  were  found  growing  a  number  of  weeds, 
practically  all  foreign  ones,  that  seem  able  to  resist  the  dense  clouds  of 
dust  that  are  deposited  on  them.  The  plants  are  white  with  dust,  or 
rather  grayish,  almost  resembling  desert  plants.  I  passed  several  waste 
lots  covered  with  weeds,  nearly  all  of  European  origin.  I  finally  reached 
Shanty  Town,  where  weeds  flourish  among  the  human  habitations.  The 
people  themselves,  like  the  weeds,  were  of  the  neglected  kind.  A  little 
farther  on  I  came  to  the  railway  shop,  with  its  large  roundhouse,  where 
an  immense  amount  of  dense  black  smoke  arises.  Now,  since  our  prevail- 
ing winds  are  from  the  soutliwest  and  west,  the  smoke,  of  course,  blows  oft 
In  the  opposite  direction.  I  was  sun)rised  to  see  that  all  the  trees  to  the 
east  in  line  with  the  smoke  were  dead,  a  number  of  dead  trunks  were  still 
standing.    When  I  lirst  came  here,  fourteen  years  ago,  there  were  a  uum- 
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hor  of  trees  lu  that  ueijrhborhood.  The  bhick  smoke  killed  them  ofiP.  I  was 
lemluiled  of  the  hills  about  Pittsburg,  which,  as  some  of  you  may  have  seen, 
are  denuded  of  trees  on  account  of  the  smoke.  The  same  thing  is  seen 
about  some  of  the  western  smelters,  where  vegetation  may  be  killed  for 
miles,  and  poisonous  deposits,  especially  of  arsenic  and  copi>er,  cover  vegeta- 
tion for  a  still  greater  area. 

From  the  roundhouse  I  walked  along  the  Wabash  river,  still  looking 
for  plants.  The  river  is  shallow  and  has  a  limestone  bottom.  Once  or 
twire  a  year  there  is  high  water  and  that  means  to  wash  out  everything 
loose  before  It.  Seed  brought  down  may  lodge  along  the  banks,  especially 
at  the  flood  lines,  and  every  now  and  then  new  plants  may  be  found.  Some 
may  grow  near  the  water,  but  the  next  flood  is  very  apt  to  wash  them  out 
There  are  no  gravel  banks  and  some  plants  characteristic  of  other  pla<e>* 
are  absent,  as,  for  instance,  plants  found  along  the  White  Water  river, 
where  I  used  to  collect,  such  as  Saponaria  officinalis,  Polanlsla  gi'aveolens 
and  Cuphea  vlscoslsslma.  The  former,  however,  is  to  be  seen  more  and 
more  freipiently  above  high  water  mark;  the  second,  Polanlsla  gra\ieolens. 
Is  (K'casionally  seen ;  but  I  have  not  seen  Cuphea  at  all.. 

Leaving  the  river  I  went  west  along  the  W^abash  railway.  This  al 
first  runs  on  a  high  All  with  gravelly  sides,  later  becoming  level  and  pralrle- 
llke.  Here  In  the  course  of  time  I  have  found  a  number  of  adventlve 
plants,  both  European  weeds  and  western  si)ecles,  the  latter  as  a  rule  lasting 
only  a  season  or  two  and  then  disappearing.  Lower  down  I  crossetl  the 
river  on  the  railway  bridge  and  followed  up  the  Vandalla  track  northward. 
This  runs  over  a  deep  fill.  At  one  i)lace  the  steep  embankment  was  cov- 
ered wltli  cinders.  I  was  Immediately  reminded  of  the  cinder  and  lava 
slopes  of  Vesuvius.  I  was  not  at  all  suri)rised  to  see  only  A  single  i)lant 
growing  among  the  cinders,  the  sheep  sorrel.  At  once  my  trip  up  the 
Vesuvius  came  vividly  to  mind.  I  h^d  gone  up  on  horseback  with  three 
companions  and  a  guide.  At  first  we  passed  through  towns  and  highly 
cultivated  fields,  but  we  gradually  left  these  behind  and  came  to  a  desert 
region  of  black  cinders  and  lava,  going  upward  all  the  time.  Finally  al! 
vegetation  dls:ip|)eared,  the  last  plant  to  disjipi)ear  l)elng  sheep  sor- 
rel. On  the  descent  I  made  a  c<»llection  of  plants,  beginning  with  the 
first  one  to  re-appear.  Kmiiex'.     Next  came  a  shrubby  Spartlum.     (Jradually 

*  Whether  the  simh'Ios  Is  an'tosclia  or  sculatuH  I  do  not  know.  My  Italian 
tH>tany,  moreover,  speaks  of  a  variety  under  the  last  species  that  grows  among  vol- 
canic  scoriffi. 
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other  plauts  appeared,  iududiug  a  wild  fig.  Still  further  down  oanie  a 
small  patch  (one  cannot  say  a  field)  of  Lupines;  probably  that  is  the  only 
cultivated  plant  that  is  able  to  thrive  in  the  cinders.  Next  came  a  small 
vineyard  and  the  cottage  of  a  family.  These  people,  like  the  plants  on  the 
slopes  of  the  volcano,  are  in  constant  danger  of  being  overwhelmed.  Small 
plants  are,  of  course,  in  danger  on  account  of  clouds  of  cinder  dust,  the 
wind  at  times  being  terrific. 

All  this  came  to  mind  vividly  while  standing  at  the  cinder  covered 
railway  embankment.  Then  I  mentally  retraced  my  steps  down  to  the 
river  and  to  the  plants  that  lead  a  precarious  existence  and  are  constantly 
threatened  by  high  water.  Then  I  thought  of  the  people  who  live  on  th^ 
river  front  and  especially  on  the  little  island,  who,  once  or  twice  a  year, 
are  in  danger  of  floods.  Occasionally  some  must  be  rescued  in  boats. 
These,  too,  are  reckless;  prudent  people  likely  would  not  be  found  under 
such  surroundings.  We  all  know  how  large  cities  with  a  river  front  are 
infested  by  a  class  of  people  known  as  "river  rats,"  a  highly  undesirable 
class;  human  weeds,  so  to  speak.  When  botanizing,  we  are  frequently 
asked,  What  is  the  plant  gi>od  for?  One  may  also  ask,  What  are  weeils  go)d 
for?    Shall  we  also  ask,  What  are  some  human  weeds  good  for? 

Continuing,  I  retraced  my  steps  to  the  railway  shops  and  the  smoke.  I 
recalled  the  sad-eyed  women  and  sickly-looking  children  who  exist  in  that 
atmosphere.  The  men,  of  course,  are  empIoye<l  in  the  shops  and  I  won- 
dered  how  long  they  are  able  to  hold  out.  It  is  well  known  that  the  city 
"takes  it  out"  of  strong  and  robust  men — tliey  S(M)n  fail.  I^rge  industrial 
cities  have  little  use  for  a  man  after  the  age  of  about  forty  or  forty-five. 
Now  I  knew  that  smoky  air  about  the  shops  killed  the  trees  and  that  only  a 
few  weeds  were  able  to  grow,  and  I  wonderod  how  long  human  life  itself  is 
able  to  endure  under  such  conditions.  Trees  being  fixed  to  the  soil,  live  and 
die  in  situ;  human  beings  are  not  fixed  to  the  soil  and  so  when  they  fall 
sick  they  generally  remove  to  another  neighborhood.  If  they  are  unable, 
on  account  of  sickness,  to  pay  the  house  rent,  they  are  evicted  and  othei-s 
move  in.  People  removing  from  an  unsanitary  environment  may  regain 
health  and  perhaps  again  become  self-supporting,  but  only  too  often  they 
continue  to  fail  and  many  die  prematurely  and  the  children  become  public 
charges.     Who  is  to  be  blamed  for  premature  deaths? 

1  further  retraced  my  steps  to  Shanty  Town.  I  riMalleil  how  the  news- 
pai»»rs  had  freipient  accounts  of  the  prevalence  of  tyi)hoid  fever  in  that 
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pection,  how  shallow  wells  were  infected.  The  water  froiu  the  wells  is  used 
because  it  is  clear.  People  prefer  clear,  sparkling  water  to  muddy  hydrant 
water,  although  the  sparkling  water  may  he  veritable  poison.  Where  does 
the  blame  for  typhoid  fever  rest? 

Still  retracing  my  steps,  I  came  to  the  neglected  street  with  its  weeds 
and  with  its  corresponding  class  of  people,  going  on  to  the  heart  of  the  city, 
with  its  lack  of  trees  and  full  of  sickly  people.  Then  I  compared  or  con- 
tnisted  the  West  End  of  town  with  the  East  End.  The  West  End  is  the 
home  of  working  people,  while  the  East  End  is  occupied  mostly  by  trades- 
men and  the  well-to-do.  Now  our  prevalent  winds,  as  already  mentioned, 
are  from  the  west,  and  that  n)ejins  that  the  peoi)]e  in  the  West  End  get  air 
from  the  woods  and  fields,  while  those  in  the  East  End  get  the  smoke  and 
dust  from  the  shops  and  from  the  heart  of  the  city.  ITiis  may  explain  why 
the  East  EJnd  Wind  has  such  an  evil  reputation,  and  why  towns  having  the 
'•West  End"  proi)erly  located  are  more  desirable  as  places  of  residence. 
These  remarks  will  be  better  imderstood  when  we  consider  that  people,  like 
herbaceous  plants^  but  unlike  trees,  are  more  or  less  constantly  moving 
about  Some  plants  come  and  go,  they  are  seen  one  year  and  then  dis- 
appear, perhaps  to  re-appear  later;  those  finding  the  habitat  favorable  may 
remain  permanently.  Common  weeds  find  conditions  favorable  almost  any- 
where and  flourish,  especially  in  neglected  places.  Shall  we  say  that  human 
weeds  also  thrive  almost  anywhere,  and  shall  we  say  that  people  who  are 
well-to-do  and  able  to  move  do  move  out  if  they  find  that  the  "West  End'* 
has  not  been  properly  located? 

The  subject  may  be  considered  a  little  further.  Several  years  ago  a 
patient  with  whom  I  had  often  discussed  things  like  the  above  told  me  about 
meeting  an  old  friend  who  had  just  returned  from  the  Saskatchewan.  The 
man  gave  a  glowing  account  of  tlie  large  crops  of  wheat,  and  the  large 
Iiotatoes,  beets  and  turnips,  all  growing  without  weeds;  he  told  how  healthy 
the  people  were,  they  did  not  even  have  the  common  ailments ;  he  ascribed 
it  all  to  the  "wonderful  climate."  Climate  nothing!  my  friend  exclaimed; 
weeds  and  ills  and  diseases  are  absent  because  they  have  not  as  yet  been 
brought  in.    They  will  all  come  in  time;  just  wait  a  few  years. 

I  might  again  refer  to  my  old  patient  who  had  told  me  of  early  Indi- 
ana conditions  and  the  coming  in  of  weeds  and  pests  and  parasites  of  all 
kinds.  lie  had  also  told  me  how  healthy  the  first  settlers  were  until 
malaria  came  in ;  then  nearly  everybody  became  sick.     Life  now  assumed  a 


56 

serious  asi)eft  and  there  was  much  sickness  until  wet  places  were  drained 
and  chills  and  fever,  that  Is  malaria,  he<ame  less  and  less  prevalent;  today 
malaria  Is  a  comparatively  rare  disease.  At  first,  too,  all  the  minor  ills 
were  ahsent.  People  did  not  even  suffer  from  cough  and  colds.  He  told 
me  how  he  used  to  go  barefoot  until  the  ground  was  covered  with  Ice  and 
snow  and  how  he  could  wade  through  water  that  was  cold  enough  to  form 
Ice  and  never  "catch  a  cold".  But  he  noticed  that  in  time  ailments  and 
diseases  came  In.  He  referred  to  some  affections  as  "new-fangled  dis- 
eases". 

When  I  called  his  attention  to  the  analogy  between  wee<ls  and  disea8(»s 
he  readily  understood.  Before  this  was  p<ilnted  out  to  him,  however,  he  had 
expressed  his  belief  that  the  race  was  degenerating.  Referring  to  his  long- 
lived  family  with  many  brothers  and  sisters,  he  said  that  all  lived  to  old 
age,  he  himself  being  now  In  the  eighties.  He  made  the  contrast  between 
himself  and  his  grandchildren,  especially  those  living  In  the  large  city;  he 
regarded  them  as  "weaklings",  requiring  the  attention  of  the  physician  more 
or  less  constantly.  After  I  had  polnte<l  out  the  analogy  between  plants  and 
man  and  weeds  and  diseases,  he  readily  saw  that  his  grandchildren  were 
"weaklings"  because  they  were  living  under  an  entirely  different,  an  unsan- 
itary, environment.  The  original  Indiana  inhabitants,  the  Indians,  were 
healthy  simply  because  not  exposed  to  the  cause  of  ill  health  and  disease. 
People  who  are  housed  up  in  town  are  living  hosts  for  the  propagation  of 
diseases,  just  as  plants  in  hot-houses,  w^hich  require  constant  attention  to 
keep  down  diseases. 

Moreover,  the  man  himself  was  a  living  illustration  of  these  changes, 
for  he  came  to  me  on  account  of  his  own  111  health,  which  he  thought  his 
home  physician  did  not  understand.  He  said  the  common  country  doctor  is 
good  enough  for  common  country  diseases,  but  "these  here  new-fangled  dis- 
eases need  men  who  have  studied  more".  He  referred  to  his  own  ill  health 
as  a  "new-fangled  disease",  while  as  a  matter  of  fact  it  was  a  very  common 
aliment,  one  of  the  "diseases  of  civilization,"  nothing  more  than  common 
catarrh.  One  did  not  have  to  seek  far  for  the  cause  of  his  complaint. 
Until  a  year  ago  he  always  lived  on  the  farm,  very  seldom  coming  to  town ; 
then  he  rented  out  his  farm  and  removed  to  a  small  town,  and  now  occupied 
a  seat  on  the  cracker  barrel,  that  is,  he  spent  much  time  loafing  ab  the 
village  store.  Some  of  these  stores  are  so  dirty  that  they  have  required 
repeated  notices  from  tiie  State  Food  Inspector.     Air  conditions  are  espe- 
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cially  bad.  In  a  short  time  be  begau  to  react,  lie  bad  catarrh  and  cough. 
On  account  of  his  cough  he  was  inclined  to  be  in  the  open  air  less  and  less 
and  to  house  himself  more  and  more,  the  very  things  he  ought  not  to  do. 
When  I  pointed  out  these  things  be  promptly  changed  his  mode  of  life  and 
the  reaction  ceased.    He  was  again  "healthy". 

It  is  undoubtedly  true  that  all  now  common  weeds  and  pests  and  para- 
sites and  diwases  were  restricted  at  one  time  to  certain  localities,  from 
whence  they  have  spread  until  tbey  have  become  cosmopolitan.  There  are 
many  data  regarding  first  appearances.  In  our  annual  Proceedings,  for 
instance,  are  a  number  of  records  for  the  first  appearance  of  new  plants 
and  new  animals,  new  in  the  sense  of  not  liaving  been  found  here  before. 
The  appearance  of  new  diseases  in  the  State  is  of  course  recorded  in  the 
medical  journals,  but  imperfectly.  The  subject  of  the  coming  in  of  new 
pests  and  parasites  and  diseas<»s  Is  an  important  one  and  cannot  be  dis- 
missed with  a  few  brief  paragraphs.  I  should  like  to  give  at  least  one 
illustration  relating  to  the  common  potato. 

The  potato- was  carried  from  South  America  to  Euroi>e  almut  the 
middle  of  the  sixteenth  century,  and  subsequently  brought  to  our  country, 
and  now  goes  under  the  name  of  the  Irish  potato.  Those  of  middle  age  can 
recall  how.  until  in  the  seventies,  the  Colorado  potato  beetle  was  never  seen 
In  our  potato  fields.     How  this  beetle  came  to  us  Is  an  Interesting  story. 

On  the  dry  western  plains  there  grows  a  species  of  spiny  Solanum 
(S.  rostratum),  a  near  relative  of  the  potato  (S.  tuberosum).  This  plant 
has  a  parasite,  the  beetle  now  conmionly  known  as  the  i>otato  bug.  The 
plant  grows  very  sparingly  and  that  means  that  the  beetle  also  occurs 
sparingly.  A  little  reasoning  will  show  why.  If  the  bugs  became  abun- 
dant and  would  completely  consume  their  food  plant  then  they  themselves 
would  perish  for  want  of  food.  On  the  desert  the  plants  are  far  apart  and 
many  e8cai>e  the  attacks  of  the  bugs  and  ripen  seed,  or  if  a  single  bug 
reaches  a  plant  it  will  not  injure  it  enough  to  destroy  It. 

Now  when  the  common  potato  began  Its  westward  march  It  gradually 
reached  the  homt*  of  this  beetle.  The  beetle  found  the  new  species  more 
acceptable  than  the  old  and,  since  plants  were  close  together,  life  conditions 
bcH'ame  easy  and  the  |M)tato  in^etle,  now  called  the  potato  bug,  at  once  in- 
creased enormously  an«l  traveled  from  one  field  to  another,  and  in  a  short 
time  overran  the  whole  Tnitcd  States.  I  was  surprised  when  in  Germany 
to  see  the  |)otato  fields  free  from  the  jmtato  bugs;  authorities  there  are  on 
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the  lookout;  they  are  keeping  it  out  as  our  own  authorities  at  present  are 
keeping  out  cholera,  the  plague,  yellow  fever,  etc.  It  need  scarcely  be  said 
that  between  the  potato  plant  and  the  potato  bug  there  exists  the  relation- 
ship of  host  and  disease.  The  potato  bug  in  its  destrucive  action  on  the 
plant  may  be  considered  the  disease;  it  will  destroy  the  plant  just  as  the 
potato-rot  destrojrs  it.  Before  the  cause  of  the  potato-rot  was  recognized 
it  was  looked  upon  as  a  visitation,  just  as  many  of  the  human  diseases 
were  looked  upon. 

This  fall  the  newspapers  contained  an  occasional  item  regarding  the 
spread  of  the  potato-rot  or  potato  disease.  Just  now  tlie  disease  seems  to 
be  prevalent  in  some  parts  of  Europe,  destroying  outright  large  potato  fields 
in  the  course  of  a  few  days.  Such  an  epidemic  is  a  great  calamity;  it  has 
been  such  in  times  past.  It  seems  to  be  only  a  matter  of  time  until  the 
disease  will  reach  our  State.  This  disease  seems  to  be  at  home  originally  in 
South  America  on  the  wild  plants,  but  plants  were  few  and  far  apart. 
When  the  potato  is  grown  in  masses  this  fungus  disease  naturally  spreads 
very  rapidly  from  one  plant  to  another  and  from  one  field  to  another. 

But  it  was  noticed  that  after  an  epidemic  a  few  plants  survived.  By 
taking  these  survivors  and  cultivating  them  a  more  and  more  resistant 
strain  has  been  produced.  One  can  thus  speak  of  disease  proof  potatoes, 
just  as  we  can  speak  of  disease  proof  individuals,  for  instance,  the  negroes 
on  the  west  coast  of  Africa,  who  are  constantly  exposed  to  malaria  and  are 
quite  immune. 

In  the  life  of  every  individual  there  are  periods  that  stand  out.  We 
need  only  think  of  such  statements  as  "Before  I  went  to  college",  or 
"Before  I  got  married".  Similar  periods  or  landmarks  stand  out  in  the 
life  of  a  community,  as  "Before  we  had  paved  streets"  or  "Before  we  had 
filtered  water".  We  can  likewise  speak  regarding  the  Introduction  of 
weeds  and  pests  and  paraslties  and  diseases,  as  the  days  "before  the 
potato  bug". 

Perhaps  in  tracing  analogies  one  might  mention  the  coming  to  our 
country  of  such  diseases  as  Influenza  and  Asiatic  Cholera.  In  earlier 
years,  when  the  country  was  thinly  settled,  many  escaped,  and,  on  account 
of  poor  traveling  facilities,  diseases  traveled  slowly.  Influenza  has  trav- 
eled more  rapidly  each  time  it  appeareil  and  attacked  a  greater  numl)er  of 
I>eople,  because  they  are  now  living  rloser  together.  There  are  regions 
today,  especially  islands  in  the  ocean,  where  some  of  our  common  diseases 
have  not  yet  been  introduce(|. 
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Our  cMumtry  was  originally  in  possession  of  the  Indians;  European 
immigrants  gradually  displaced  them.  The  early  comers  found  a  wilder- 
ness; they  cut  down  forests  and  cultivated  the  land.  They  thrived  exceed- 
ingly and  built  up  towns  and  cities.  Immigrants  in  large  numbere  have 
continued  to  come,  but  those  who  come  today  find  all  the  land  occupied. 
The  poor  immigrant  no  longer  can  or  does  settle  in  the  country ;  he  goes  to 
the  crowded  cities  where  there  is  a  demand  for  labor.  Many  of  the  present 
immigrants  come  from  the  open  country ;  they  are  used  to  open  air  life,  as 
their  ancestors  had  always  been.  There  has  been  little  or  no  weeding  out 
such  as  we  find  among  people  whose  ancestors  lived  under  city  conditions. 
As  a  consequence,  when  these  immigrants  crowd  into  our  cities — and  of 
necessity  they  crowd  into  what  are  called  slums  rather  than  go  to  clean 
portions — they  soon  fail.  Why  is  it  that  the  children  of  the  stolid  immi- 
grants are  called  neurotic? 

Immigrants  massed  in  cities  need  a  change  of  environment.  Country 
people  thrive  best  under  country  conditions ;  many  are  wholly  unadupted  to 
city  life  with  its  many-sided  contact  with  ill  health  and  disease.  Most 
immigrants  are  from  country  districts.  No  wonder  the  old  farmer  referretl 
to  his  grandchildren  as  "weaklings",  and  believed  that  the  race  is  degen- 
erating, and  no  wonder  physicians  find  children  with  all  sorts  of  abnormal- 
ities and  defects  and  that  many  are  neurotic.  Children,  like  plants,  need 
room  to  grow ;  if  massed  together  they,  like  plants,  become  stunted — in  the 
end  it  is,  of  course,  a  survival  of  the  fittest. 

This  brings  up  the  very  practical  question,  Why  do  we  allow  slums  to 
exist?  Why  do  we  allow  i)eople  to  live  under  slum  conditions?  European 
cities  are  driving  out  their  slums,  but  we  have  scarcely  made  any  effort. 

I  referred  to  a  plot  of  ground  that  is  "going  back  to  nature".  Perhaps 
we  can  find  analogies  among  men.  In  the  first  place,  there  are  situations 
where  we  scarcely  expect  to  find  certain  people.  For  instance,  people  who 
normally  live  in  the  slums  are  not  to  be  found  among  the  better  class. 

What  do  we  mean  by  "the  better  class"?  Do  we  not  find  a  constant 
shifting  about,  some  drop  out,  some  rise  and  enter  It?  The  old  saying, 
From  shirt  sleeve  to  shirt  sleeve,  is  very  expressive.  Very  often,  how- 
ever, the  dropping  out  is  due  to  ill  health. 

Civilization,  like  farming  and  gardening,  means  a  constant  interference 
with  nature.  It  is  man  against  nature.  When  man  gets  back  to  nature 
old-time  conditions  never  return,  man  again  becomes  strong  and  robust.     We 
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hear  imich  of  Uace  Suicide  tcnlay.  Pierlinps  inuler  a  more  simple  and  san- 
itary life  tlie  race  wonid  again  be<ome  strong  and  healtliy  and  prolific,  just 
as  soil  left  to  nature  returns  to  Its  former  condition. 

I  referre«l  to  the  fact  that  many  of  onr  plants  are  constantly  on  the 
move.  We  see  this  exemplified  again  in  man.  Some  i^eople  are  moving  all 
the  time,  one  might  almost  come  to  the  conclusion  that  the  old-time  home 
is  disappearing.  People  will  move  from  one  house  into  another,  from  one 
.«5treet  to  another,  from  om*  town  to  another,  alternating  perhaps  between 
town  and  country  and  from  one  end  of  the  country  to  the  other.  One 
wondei-s  why  people  move  so  nnich.  One  Important  cause  in  my  observatlim 
is  on  account  of  ill  health.  Many  move  into  another  house  or  into  another 
town  in  the  hope  of  having  better  health.  When  they  do  find  a  ctmgenlal 
place  they  are  apt  to  stay,  just  as  plants  and  animals  stay. 

It  is  interesting  to  study  the  movement  of  iM)pulation,  of  towns  as  a 
whole  or  of  certain  streets  or  of  certain  buildings  in  the  heart  of  the  city, 
say  a  large  store  or  office  or  bank.  "Office  boys"  are  both  from  city  and 
c(mntry;  many  country  boys  go  to  the  city  to  "try  city  life".  Some  succeeil 
but  many  fail.  We  hear  of  the  successes  but  we  usually  do  not  hear  of  the 
failures,  although  th«^re  may  1k^  only  one  successful  man  to  a  Inuidred  or 
several  hundred  failures.  I  am  reminded  of  the  remark  of  an  old  mer- 
chant :  "llie  new  boj-  who  cannot  stand  the  work  of  sweeping  out  the 
st«)re  and  running  errands  is  not  apt  to  make  a  goml  business  man",  mean- 
ing in  this  case  a  storeke(*iier.  The  merchant  knew  this  as  a  fact,  he  did 
not  attempt  to  explain  It.     1  offered  him  this  explanation: 

The  new  boy  when  put  to  sweeping  may  or  nniy  not  react  to  du.-^t 
inttuences.  If  he  reacts  there  will  be  more  or  less  complaint  of  111  health 
:ind  in  time  he  will  drop  out ;  if  he  does  not  react  he  may  gradually  advance 
and  in  time  bcHome  a  business  man.  Tiie  merchant  \Vhose  name  appears  in 
the  city  directory  year  after  year  may  be  regarded  as  an  immune,  as  an 
individual  able  to  live  ur.der  unsanitary  city  conditions.  The  dire<'tory  does 
not  mention  the  numerous  failures.  The  successful  business  man  In  the 
city  must  be  regarded  as  the  survival  of  the  fittest.  He  does  not  move 
about;  he  remains  fixed  because  he  is  able  to  bear  the  unsanitary  environ- 
ment. This  moving  about  Is,  of  course,  seen  at  Its  best  In  large  manu- 
facturing establishments,  where  there  is  a  constant  influx  of  "new  hands". 

I><Miklng  over  tlie  books  un  disea.^jes  of  plants,  one  Is  surprised  at  the 
anah.gy   between    plant  dlseas(»s   and    Innuan   diseases.     One   finds   plant 
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pathologists  using:  the  names  of  the  human  patholojcist  and  the  physician. 
They  speak  of  "epidemics"  and  "endemics"  among  plants — those  terms 
otymologically  refer  to  peoi»le,  meaning  "upcm  the  people"  and  "among  the 
people".  It  set'ms  rather  incongruous  to  use  such  terms  for  diseases  upon 
or  among  plants.  Hut  it  is  facts,  not  words,  that  scientists  are  after. 
Then  there  occur  such  names  as  chlorosis,  Icterus,  atrophy,  necrosis,  and 
even  cancer  and  consumption. 

Plants  arc  aftiict<Hl  with  diseases  due  to  hacteria,  to  fungi  (even  to 
higher,  floweiingj  plants),  to  animal  and  veget^ihle  parasites  of  all  kinds, 
to  mites  and  worms,  ju*<t  as  human  beings.  But,  perhaps  needless  to  say, 
the  species  are  different.  Although  somo  of  the  common  names  cuiTent 
among  physicians  arc  used,  yet  the  scientific  names  are  wholly  different. 
Another  thing  that  impresses  one  on  going  through  tlio  hooks  on  plant 
pathology  is  the  imi>ortance  attached  to  cleanliness,  as  cleanliness  about 
the  orchard,  destroying  dead  branches  and  leaves  and  keeping  the  ground 
and  trunk  clean,  the  necessity  for  spraying  and  fumigating,  measures  that 
physicians  long  ap>  learned  but  which  the  people  are  slow  to  adopt.  That 
cities  need  as  (lueful  attention  as  orchards  seiMus  to  be  known  to  but  few 
ef  the  people.  The  old  farmer  must  be  told  why  his  orchard  does  not 
flourish,  why  trees  are  sickly  and  ultimately  die,  just  as  many  a  com- 
munity must  be  told  why  its  people  are  sickly  and  why  there  Is  race 
suicide. 

One  day  while  botanizing  I  came  across  a  field  thickly  overgrown  with 
Inai  Weed  and  Vervain.  At  one  end  it  was  wet  and  swampy,  with  pools 
nf  water.  The  farmer,  who  was  plowing,  overtook  me.  We  engaged  in  con- 
versation. I  asked  him  why  he  allowed. those  wW»ds  to  grow.  "The  Cows 
like  weeds;  they  brush  off  mosquitoes  and  flies."  lie  thought  this  sufflcient 
reason  for  allowing  weeds  to  grow.  I  tainted  out  how  flies  breed  in  his 
manure  pile  and  that  by  giving  a  little  attention  the  number  of  flies  could 
be  greatly  roducc<l;  that  mosquitoes  l>reed  in  wet  places,  as  at  the  end  of 
the  field,  and  that  with  a  little  drainage  the  mosiiuito  pest  could  be  pre- 
vented; that  with  flies  and  moscpiitoes  absent  there  would  be  no  need  for 
the  weeds;  with  fewer  flies  the  cows  wasted  less  energy  in  switching  them 
and  would  give  more  milk ;  and  in  the  absence  of  blood-sucking  mosquitoes 
would  gain  in  flesh.  In  the  absence  of  weeds  there  would  not  be  a  con- 
stant cloud  of  seed  blowing  on  to  his  cultivated  fields  and  on  to  those  of 
his  neighbors. 
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Ho  listened  incredulously  and  whfeu  I  finally  told  him  how  a  certain 
mosquito  transmitted  malaria,  he  said,  "Now  do  you  really  believe  all 
that?"    His  own  belief  was  that  it  was  all  nonsense. 

What  Is  the  use  of  attempting  to  teach  the  old  farmer?  I  thought 
Perhaps  if  the  school  teacher  told  these  things  to  the  farmer's  boys  it 
would  have  some  effect  They  might  see  the  need  for  cleaning  up  every- 
where. 

It  is  perhaps  unnecessary  to  refer  to  the  experienced  florist  or  horti- 
culturist whose  knowledge  enables  him  to  tell  from  a  plant^s  appearance 
that  it  is  sickly  and  needs  certain  treatment,  otherwise  it  will  perish ;  or 
to  the  physician  whose  knowledge  enables  him  to  quickly  recognize  certain 
conditions  in  man  and  the  need  for  a  change. 

Now  resurveying  the  field,  one  conies  to  the  conclusion  that  weeds  an»l 
diseases  and  ill  health  exist  mainly  because  we  neglect  to  pay  attention  to 
cleanliness.  When  an  epidemic  threatens  a  large  city  then  everybody  gets 
busy  and  cleans  up.  There  should  be  constant  not  periodical  cleaning  up. 
We  should  not  allow  the  existence  of  waste  places  where  weeds  grow 
which  will  re-seed  the  whole  country  alK)ut.  No  matter  how  free  from 
weeds  a  farmer  or  gardener  may  keep  his  own  ground,  seed  are  constantly 
brought  in  from  the  surrounding  country.  It  takes  a  combined  effort  to 
fight  weeds.  As  matters  stand,  farming  and  gardening  are  largely  a  war- 
fare against  weeds.  The  same  is  true  in  regard  to  communities  and  dis- 
eases. No  matter  how  careful  one  individual  may  be  the  seed  of  disease 
cojistantly  comes  to  him  from  those  who  are  sick  and  diseased.  He  meets 
people  on  the  street  who  come  from  neglected  homes,  from  the  slums 
where  disease  and  ill  health  are  endemic  and  from  where  diseases  are 
carried  to  all  parts  of  the  city.  By  the  way,  nearly  all  the  patent  medi- 
cine testimonials  we  see  in  the  newspapers  are  signed  by  people  living  in 
such  localities. 

We  can  look  at  the  subject  in  another  light  Many  plants  adapt  them- 
selves to  their  environment.  Sensitive  ones  are  readily  killed  off  under 
conditions  where  weeds  continue  to  flourish,  just  as  many  human  beings 
are  killed  off  or  driven  out  where  conditions  are  unsanitary.  But  we 
know  to  what  extent  some  linman  beings  can  live  under  slum  conditions; 
some  must  be  regarded  as  human  wee<ls,  such  as  the  Juke  and  Ishmael 
families.     Like  common  weeds,  they  are  undesirable.     Cleaning  up  drives 
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out  the  slums;  moreover,  slum  children,  if  removed,  in  time  may  become 
desirable  citizens. 

Why  is  it  that  "human  weeds"  are  given  such  an  undue  amount  of 
attention,  asylums  are  erected  for  them  where  they  have  the  best  of  at- 
tention, where  they  live  on  to  old  age?  Why  must  a  man  wait  until  he 
becomes  insane  or  a  pauper  or  a  criminal  before  being  housed  under 
sanitary  surroundings?* 

Why  does  ill  health  jQourish  so  widely?  Why  are  there  so  many 
quack  remedies,  as  those  advertised  In  newspapers?  The  newspapers  of 
some  small  towns  are  overcrowded  with  nostrums  for  common  ill  health. 
Where  should  the  attempt  to  make  a  change  begin? 

One  day  I  was  telling  a  teacher  that  In  Germany  children  are  taken 
out  into  the  country  on  certiiln  afternoons  to  study  nature,  the  valleys 
and  streams  and  underlying  rocks,  the  plants  and  animals;  that  boys 
make  collections  of  plants  and  bugs,  otc.  Perhaps  later  when  as  adults 
they  go  out  into  the  country  they  really  "see"  something.  He  admitted 
that  that  was  all  very  nice  but  that  it  required  the  teacher  himself  to 
know  what  to  point  out 

He  mentioned  that  some  of  our  teachers  had  the  pupils  to  study  news- 
papers. But  that  occurs  only  in  isolated  instances;  when  we  Investigate 
we  find  that  the  editorial  page  only  is  read  and  studied. 

Now  the  editorial  page  of  large  city  newspapers  as  a  rule  is  the 
only  page  free  from  offensive  advertisements  and  reading  matter,  of  ac- 
counts of  murders  and  all  sorts  of  things  that  do  not  elevate  mankind, 
lilkely  the  back  of  the  editorial  page  is  full  of  murder  news  and  crude 
pictures  of  the  murderer,  his  victim  and  the  places  where  the  deed  was 
committed  ;  or  the  page  Is  full  of  quack  advertisements,  of  medical  pariahs 
who  claim  to  cure  what  no  conscientious  physician  can  cure;  or  of  de- 
ceptive patent  medicine  advertisements  for  ills  that  no  physician  can 
cure,  because  they  are  a  reaction  to  an  unsanitary  environment. 

Now  It  would  be  a  good  thing  for  schools  to  study  the  newspapers, 
all  their  pages  and  all  the  papers,  the  high  toned  ones  that  leav0  com- 
paratively little  to  be  desired  and  the  other  kind  called  yellow.    The  re- 


^  This  is  not  to  be  ccnsidored  a  criticism  of  our  benevolent  institutions ;  they 
are  doing  a  good  work,  one  in  liarmony  with  the  spirit  of  the  age.  It  took  a  long 
time  to  reach  a  high  plane.  Our  leveling  should  be  upward.  As  matters  stand,  the 
amount  of  attention  given  charitable  institutions  is  wholly  out  of  proportion  to  what 
is  given  worthy  people  not  in  institutions. 
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lationshlp  of  cause  and  effect  sliould  bo  traced.  Do  ne\vsi)a|>ers  supply 
wants? 

Is  it  reasonable  to  believe  that  the  average  newspaper  publisher  de- 
liberately prefers  to  publish  horrible  murder  accounts,  nauseating  and 
lying  advertisements  of  all  kinds,  which  ho  does  not  want  his  children  to 
rjt?ad?  The  editor  himself  has  very  little  voice  in  the  matter;  he  writes 
the  high-toned  editorials.  It  is  the  managing  editor  who  must  look  for 
finiincial  returns  for  the  owner  or  rather  for  the  publishing  company;  ho 
gives  the  people  what  they  want. 

The  matter  of  clean  newspapers,  clean  cities  and  clean  farms  goes 
back  to  the  community — there  is  room  for  the  scIuk)!  teacher. 

Every  large  city  has  a  number  of  newspapers ;  some  appeal  to  a  cer- 
tain class  of  readers  only  and  go  to  certain  sections  of  the  city,  some  to 
the  fine  homes,  some  to  the  slums ;   others  appeal  to  all  sorts  of  readers. 

Small  communities  may  have  only  a  single  paper.  By  comparing  the 
newspapers  of  small  cities  one  can  get  a  comparative  idea  of  city  condi- 
tions. Quacks  and  charlatans  and  patent  medicine  men  do  not  thrive  in 
clean  communities. 

The  patent  metlicine  men  in  their  newspaper  advertisements  are 
still  loud  in  their  praise  of  our  "valuable  native  medicinal  plants."  They 
evidently  try  to  keep  up  the  old-time  belief  that  there  is  a  plant  for  the 
cure  of  every  disease. 

In  strolling  about  the  country  with  a  botany  can,  one  frequently  meets 
peoi)le  who  ask,  What  are  the  plants  good  for?  Many  have  an  exaggerated 
idea  of  the  importance  of  plants,  especially  of  common  w^eeds,  in  medi- 
cine. Usually  one  does  not  attempt  to  explain.  It  may  be  said  that  as  a 
rule  plants  play  a  very  slight  role  in  medicine  today,  only  a  few  are  used 
and  then  mainly  to  modify  symptoms,  less  and  less  in  the  light  of  "curing 
diseases."  Perhaps  one  can  make  distinctions  between  plants  and  thei'* 
use,  in  this  wise:  Plants  of  least  value,  used  to  modify  symptoms,  are 
those  that  can  be  gathered  readily,  or  which  grow  naturally  as  weeds,  or 
which  can  be  cultivated  in  gardens.  Se<*ondly,  plants  that  must  be  lookeil 
for  away  from  the  haunts  of  man.  One  may  say  of  these  that  if  the  Indi- 
vidual in  ill  health  will  go  and  seek  tliem  out,  using  them  under  simple 
life  conditions,  likely  he  will  regain  health,  as  shown  for  instance  In  a 
little  story  by  O.  Henry,  where  the  mere  search  for  the  rare  plant  In  the 
piountalns  brought  back  health. 
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Just  now  we  hear  much  about  school  jrnrdenlng,  having  the  chlhlren 
attend  to  a  small  plot  of  ground.  We  can  readily  see  how  a  child  may 
learn  much  regarding  plant  life,  how  the  soil  must  be  prepared,  the  seed 
planted  at  the  right  time,  food  and  moisture  supplied,  and  enemies  of  the 
plant  held  in  check,  weeds  and  animals  of  all  kinds.  The  school  boy 
learnfe  that  in  proportion  as  attention  is  given  to  his  plants  and  they  are 
protected  from  destructive  influences  they  thrive.  By  pointing  out  anal- 
ogies between  plants  and*  man  he  can  understand  why  man  himself  re- 
quires attention. 

It  Ik  customary  nowadays  when  any  change  is  proposed  to  say,  Teach 
it  in  the  schools!  Teach  the  Young!  Just  now  there  is  a  demand  to  teach 
agriculture  in  order  to  get  away  from  old-time  farming  with  its  wastpfnl 
metliods.  Teach  it  in  the  schools!  Teach  the  j-oung!  Now  the  Fame 
may  be  said  regarding  causes  of  common  ill  health.  Teach  it  in  tl)e 
schools!  Teach  the  young!  The  young  learn  readily  and  remember.  Our 
schools  already  teach  physiolqgy  but  unfortunately  it  is  largely  if  not  ex- 
clusively a  book  study;  often  the  bool?  used  is  dry  bone  anatomy  or  dry 
as  dust  physiology  and  forced  upon  the  children  before  they  can  grasp  it. 
The  new  books  on  hygiene  and  sanitation  are  a  great  iniDrovement  but  it 
is  still  only  a  teaching  from  books.  If  the  teacher  could  take  his  pupils 
out  and  point  our  analogies  between  plants  and  weeds  and  diseases  and  11 
newspaper  accounts  were  studied  in  the  light  of  environmental  intiuenccs. 
it  would  not  take  long  inilil  there  would  be  a  change  for  the  better. 

But  in  order  that  the  teacher  may  !)e  able  to  Instruct  the  young,  he 
must  himself  be  taught  That  means  the  colleges  must  take  u]>  the  work, 
and  since  our  Academy  is  mainly  made  up  of  college  people,  shall  we  say 
the  work  comes  home  to  the  Academy? 

But,  some  will  say,  educating  the  people  In  regard  to  sanitary  matters 
Is  work  for  the  physicians,  the  physician  should  educate  the  people.  That 
may  be  true  theoretically  but  practically  It  is  wholly  false.  Physicians 
treat  sick  people.  Under  present  conditions  that  is  all  the  people  demand 
and  all  they  are  willing  to  pay  for.  Many  have  no  use  for  the  physician 
until  they  are  actually  disabled,  sick  or  diseased,  and  then  it  may  be  too 
late  to  talk  of  education. 

It  may  be  aske<l,  Why  do  not  physicians  at  least  call  attention  to 
tJrese  matters  and  to  environmental  infiuences,  how  people  become  sick 
and  diseased  on  account  of  unsanitary  surroundings?    There  are  several 
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reasotis.  First,  a  flnanolol  one:  physicians  lilce  everybody  else  do  not 
take  np  a  work  unless  paid.  Second,  when  physicians  do  advocate  sani- 
tary measures  they  are  almost  invariably  accused  of  working  to  their  own 
interests.  As  a  matter  of  fact,  however,  practically  all  the  sanitary  im- 
provements that  have  been  made  and  are  taking?  place  are  due  to  the  ef- 
forts of  physicians.  To  see  how  measures  intended  for  the  welfare  oi  the 
people  are  antagonized  by  "peanut  politicians/'  we  need  only  consider  what 
takes  place  in  the  legislature  at  every  session,,  and  how  long  it  takes 
sanitary  measures  to  pass.  Why  many  physicians  do  not  take  an  interest 
may  be  seen  by  what  occurs  when  physicians  object  to  the  coming  of 
quacks  and  charlatans  who  herald  tlicir  wonderful  abilities  in  the  news- 
pi«I>ers — almost  invariably  the  iiewspai>ers  take  the  advertising  quack's 
part  and  oi»po**e  the  homo  physicians.  As  a  resuit  many  i>hysiclaus  do  not 
cjniccrn  themselves  with  the  8ul)je<'t,  they  liave  all  the  work  they  can  d » 
and  tlie  '*rty  by  night"  does  not  interfere  witli  their  practice.  Another,  a 
tfiird  and  very  important  reason  is  this:  The  i)hysiclan  as  a  rule  belongs 
to  the  "weeded  out"  class.  He  Is  an  Individual  who  di^es  nc^t  react  to 
ordinary  un.sanitary  envlronraental  intlueiu-es  and  l>ecauKe  he  fails  to  react 
is  wliy  he  pays  llrtie  attention  to  connnon  ills  and  min  )r  maladies.  The 
reason  why  pliyslcians  belong  lo  the  "weeded  out"  class  Is  simple:  ITie 
b<»y  wlio  intends  to  become  a  physician  re*iulres  gtjod  schooling;  he  may 
even  l)e  required  to  take  a  i)rellmhiary  c<ilkge  course,  get  an  A.  B. 
degree,  before  lie  is  allowed  to  enter  medical  college.  Now  many  of  our 
schools  are  very  un.sanitary  and  the  bright  \x>y  reacts;  be  has  ill  health. 
He  m:iy  drop  out  entirely  or  attend  school  only  at  intervals,  but  finally 
manage  to  c<>mplete  the  grades:  then  he  is  ready  to  enter  lilgh  school. 
This  is  often  located  in  the  heart  of  the  city  under  highly  unsanitary  sur- 
roundings. Trees  may  not  grow  but  children  are  expected  to.  The  venti- 
lation of  the  school  house  Is  usually  bad.  The  boy  reacts  promptly,  lie 
Is  more  or  less  constantly  in  111  health  and  .soon  drops  out  entirely.  Un- 
less his  parents  are  well-to-do  and  able  to  send  him  to  a  private  school  he 
is  not  apt  to  become  a  physician. 

One  can  go  a  step  further.  Many  meilical  schools  are  located  In  large 
cities  under  surr4)undlngs  about  as  bad  as  they  c:in  be.  Some  young  men 
who  were  able  to  complete  high  school  (and  we  know  there  are  some 
sanitary  high  schools  where  boys  pass  Ihrnngh  readily)  ore  now  weeded 
put  in  the  n^edlci^l  college.     They  fall  to  t:et  a  UHMlical  dej^ree.    Tl^e  boys 
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and  young  men  who  linvc  "robust  heiiltlf'  :md  are  jiblo  to  continue  their 
education  uniuterrui»te<lly  are  "the  survival  of  the  fittest.'*  Tliey  can 
follow  their  profession  In  the  heart  of  a  <'ity  under  the  most  unsanitary 
environment — and  since  they  do  not  react  they  fail  to  understand  the  com- 
mon ill  health  of  their  patients;  they  are  apt  to  refer  to  some  indi- 
viduals as  "imaginary  ill."  That  may  explain  why  the  sick  often  go  else- 
where and  why  faith  and  mind  cures  flourish.  Now  in  regard  to  the  lat- 
ter It  may  be  said  that  many  Ijidlviduals  when  they  adopt  some  mind  or 
faith  cure  change  their  habits,  perhaps  leading  the  simple  life  and  re- 
maining away  from  crowds.  With  this  change  comes  about  improvement 
In  health. 

The  common  doctor  treats  the  common  ill  health  and  the  common  dis- 
eases oi  the  common  people,  a  fact  pointed  out  by  the  Father  of  Medicine 
2,500  years  ago.  It  Is  rather  anomalous  that  scientific  physicians  today 
sliould  so  largely  be  interested  in  well-defined  diseases  to  the  neglect  of 
common  everyday  ill  health.  Every  now  and  then  we  see  a  new8pai)ev 
Item  under  such  a  heading  as  "Conquering  Disea.se."  New8p»i)er  rei)orters 
at  times  become  enthusiastic  and  pretlict  the  compiering  of  all  disease — 
but  the  less  a  man  knows  about  the  subject  the  more  entliusiastically  he 
may  write.  He  that  as  It  may,  we  know  that  under  present-day  sanita- 
tion well-dcfinetl  infective  diseases  are  becoming  less  and  less  common 
every  year.  We  need  only  think  of  what  the  introduction  of  pure  water 
means  to  a  city  in  such  diseases  as  Asiatic  cholera  and  typhoid  fever. 
I'nt  altlirngh  sjiecitic,  epidemic,  diseases  are  decreasing,  common  ill  health 
Is  incrtasing,  in  spite  of  more  and  better  doctors  and  l>etter  medlclney — 
nudicines  that  palliate  but  do  not  cure. 

Nov  unfortunately  there  is  no  institution  devoted  to  the  study  of  com- 

jnon  ill  health,  especially  ill  health  dependent  ui>on  bad  air  conditions. 

The  very  common  things  of  life  are  neglected — tt  fact  which  critics  of  the 

medl<'al  profession  pointed  out  long  ago.    Until  the  people  themselves  take 

hold  of  the  subject  we  need  not  expect  much  change. 

Today  we  hear  much  regarding  the  role  of  well-equipped  hospitals  in 
city  life.  Many  have  an  Idea  that  the  number  of  hospitals  and  their 
equipment  are  an  index  of  a  city's  progress.  The  same  individuals  likely 
estimate  a  city's  progress  by  the  size  of  the  smoke  cloud  overhanging  it. 
As  a  matter  of  fact  the  ommsite  is  true.  A  sanitary  and  well  managed 
city  has  comparatively  little  use  for  hosi)ltals,  barring  of  Ci)urse  accblent 
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and  snrjjlcal  fnsos.  Many  hosi)ital8  iti  a  oominilnlty  indicnti^  nluch  slckiie^ 
an<l  esiM'cially  sickness  of  ]»rovontable  khnls.  What  our  cities  Deed  is  not 
niore  liospltals  lait  a  tliorotl;;li  cloaninj?  up,  and  sliall  one  add  tliat  our 
cities  sliould  aiso  prevent  smoke  cloilds?  Smoke  means  waste,  besides  de- 
struction of  life,  as  already  mentioned. 

The  plant  breeder  is  constantly  seekihj?  to  eliminate  th^  unfit  But 
man  can  not  procee<l  on  the  same  plan  rt*«;ardlng  his  oWn  kind.  He  does 
not  wilfully  stH'k  tlu?  destruction  of  those  not  adapted.  He  tries  to  make 
-tlie  en>ironm(nt  favorable  so  those  who  are  apparently  unadapted  will 
survive.  Nature  is  of  course  constantly  weeding  out  the  unadapted  and 
the  mortality  rate  of  crow<led  cities  is  sometliing  terrific  compared  with 
lire  under  simple  country  conditions.  Hy  giving  the  Inhabitants  of  the 
large  city  pure  water,  g(M)d  fcK)d.  good  air  and  clean  homes  the  conditions 
for  existence  are  at  (aice  made  favorable. 

Every  now  and  then  we  read  of  cities  tliat  are  seeking  a  slogan; 
wliat  they  want  is  one  to  indicnste  that  they  are  growing  bigger.  A  good 
slogan  n.r  nearly  all  of  our  American  cities  would  be,  "I>et  us  clean  up," 
or,  *Xot  bigger  but  (Uaner."  Perhaps  the  best  reputation  that  any  city 
could  acquire  is  "A  city  that  cleans  up.'*  When  the  people  once  realize 
what  clennHness  means  our  cities  will  be  radically  dllferent  from  what 
they  are  today. 

From  what  is  said  above  it  may  perhaps  be  seen  that  the  cries  of 
Uace  Suicide,  Back  to  Nature,  and  Back  to  the  Simple  Life  have  a  good 
foundation. 

Our  A(»iidemy  has  a  Commiitee  on  The  Restriction  of  Weeds  and  Dis- 
eases ("Diseases"  was  .id<led  on  my  rec(jmmendation).  For  the  past  two 
years  I  have  t»een  chairman  of  this  Conunittee  but,  I  am  sorry  to  say,  when 
at  tlie  annual  meetings  a  call  for  reports  was  made  I  had  nothing  to  re; 
port.  Perhaps  I  ought  to  explain.  For  the  past  year  and  a  half  I  have 
been  working  on  a  manuscript.  In  fact  on  two  manuscripts,  dealing  with 
connnon  111  health  and  the  i»eed  f«»r  cleaning  up.  One  of  these  volumes  is 
IntendtHl  for  the  i)ublic  and  the  other  for  physicians.  The  problem  I  am 
especially  intereste<l  in  as  most  of  you  know  is  to  give  tlie  people  good  air, 
air  free  from  dust  j;nd  smoke.  Until  these  two  volimies  are  out  I  do  not 
feel  like  taking  up  the  subject  publicly.  But  I  feel  that  this  Is  a  subject 
that  should  be  taken  ui)  by  the  Academy,  perhaps  at  first  in  a  small  way, 
gradually  enlarging.     We  nnist  nderest  the  people.     Sanitation  can  not  be 
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forced  ilpon  tix'in.  It  takes  time.  We  need  only  think  of  measures  to  limit 
the  use  of  alci>hol  and  tobacco.  If  there  is  no  public  sentiment  in  a  com- 
munity laws  are  not  enforced,  and  a  law  that  is  not  enforced  Is  worse 
than  none  at  all.  Many  are  skeptical  about  the  present  generation  but 
expect  much  from  the  coming  (me.  PerJiaps  the  matter  Is  largely  in  the 
hands  of  the  school  teachers,  and  since  the  Academy  is  made  up  mainly  of 
men  who  instruct  the  teachers  it  comes  back  to  the  Academy. 

In  concluding  I  may  say  tliat  we  have  a  Federal  Department  of  Agri- 
culture which  gives  attention  to  plants  and  wee<ls,  to  animals  and  pest? 
and  parasites  of  all  kinds,  but  it  neglects  the  farmer  himself  and  his  chil- 
dren. We  need  a  Federal  Department  of  Public  Health,  a  Department 
which  will  study  the  rieetls  of  the  people  and  give  them  information  re- 
garding health  and  ill  health  and  disease  just  as  the  Agriculture  Depart- 
ment now  gives  information  about  animals  and  plants.* 


*A  resolution  endorsing  the  establishment  of  a  National  Department  of  Public 
Health  was  passed  nnanimouHly. 
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Water  Supplies  of  Indiana. 


By  Charles  Brossmann. 


More  than  00  years  have  passed  since  the  first  Municipal  Water 
Works  of  the  State  were  installed  at  Madison,  Ind.  Since  then,  many  plants 
have  been  erected.  Our  complex  life  and  increasing  i)opulation  has  neces- 
sitated new  methods  of  living  and  caused  new  demands;  tlie  most  impor- 
tant among  them  being  good  water.  At  present  there  are  few  towns  of 
any  size  that  do  n*)i  have  puldlc  water  snp])Iies. 

In  the  yejir  ISOO  there  were  about  r>0  plants  in  tliis  State  and  at 
the  [)resent  time  there  are  over  150  plants  It  has  not  been  iM)ssible  to 
get  information  on  all  plants,  but  the  figures  ropresent  a  very  healthy 
growth.  The  town  pump  and  historic  oaken  bucket  are  being  abandoned, 
and  the  more  c<,nvenient  and  usually  safer  public  supply  is  being  gradu- 
ally adopted.  T\u^  supplies  f(»r  public  use  as  a  rule  are  more  carefully 
selected  and  situateil  and  taken  from  a  S(Uirce  loss  liable  to  contamma- 
titm  than  are  the  individual  surface  wells  of  the  householder. 

The  installation  of  a  water  works  plant  usually  is  followed  by  the  in- 
stalling of  sewers,  which  is  a  great  asset  to  the  sanitary  conditions  of  any 
locality. 

Of  the  water  works  here  charted  approximately  Cu)%  are  well  systems, 
15%  river,  and  the  balance  springs,  flowing  wells,  lakes,  oi>en  wells,  etc. 
About  00%  of  the  plants  are  municipal  i)lants  and  the  balance  opera tetl  by 
private  companies. 

The  arrangement  and  method  of  charting  the  sui)plies  has  been  under- 
taken with  the  hope  that  It  may  l)e  the  start  of  a  more  complete  investiga- 
tion and  record,  and  that  siich  contributions  or  additions  may  be  made  from 
time  to  time  as  will  inci*ease  its  value  as  a  water  supi)ly  record  of  the 
State.  The  author's  studies  in  this  line  have  taken  into  consideration  the 
mechanical  e<piipment  of  the  plants  using  these  supplies,  but  it  is  not  the 
intention  to  go  into  this  part  other  than  to  show  on  the  map  the  method 
of  procuring  the  subterranean  supplies  of  water.  The  map  of  the  State 
before  mentioned  shows  tl.e  various  stau'ccs  of  supply,  the  method  or  pro- 
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curing  same,  and  bow  they  are  prepared  for  use.  The  well  supplies  are 
shown,  giving  the  depth  of  well,  the  level  of  the  water  (where  it  has  been 
possible  to  secure  same),  and  roughly  the  depth  of  glacial  drifts  as  found 
in  that  section;  the  drift  depths  are  as  given  by  the  United  States  Geo- 
logical Survey. 

North  of  the  Wabash  river  the  depth  of  drift  is  approximately  100 
feet  or  over,  the  best  wells  being  usually  in  this  material.  Quite  a  por- 
tion in  the  western  part  is  the  region  of  extinct  lakes.  An  interesting 
comparison  occurring  In  this  extinct  lake  region,  is  the  supply  of  Kent- 
land.  This  town  formerly  had  its  supply  from  a  well  about  1,200  feet 
deep,  the  water  having  a  strong  odor  of  sulphur.  The  water  in  this  well 
stood  72  feet  below  ground  about  six  years  ago.  Last  year  it  was  120  feet 
below  ground  when  pumping,  and  owing  to  this  great  lift  caused  mucc 
trouble  and  expense  in  pumping  same. 

This  year  a  new  plant  was  Installed  at  Kentland.  A  new  site  was 
selected  about  one-half  mile  from  the  old  well.  The  wells  were  drilled  to 
a  depth  of  87  feet  when  rook  was  encountered.  The  last  15  feet  of  the 
well  was  in  white  sand,  and  producc»d  a  clear  sparkling  water  without 
taste  or  odor.  This  Installation  is  of  interest  as  it  shows  such  a  difference 
in  the  two  weils  and  their  product. 

From  the  south  of  the  Wabash  river  to  the  Ohio  the  drift  varies  from 
5  to  100  feet  in  depth,  except  for  a  triangular  shaped  section,  with  the 
apex  below  Martinsville,  which  is  practically  in  the  rock  section.  The 
water  works  of  English  in  this  region  are  of  more  than  passing  interest, 
as  the  supply  of  the  town  Is  secured  from  an  elevation  high  enough  to 
give  pressure  without  pumping. 

It  will  be  noted  on  the  map,  that  of  supplies  shown  in  the  rock  country, 
the  majority  are  springs  or  river  supplies.  The  procuring  of  water 
In  quantities  sufBclent  for  public  use  is  In  some  parts  of  this  district  a  very 
difficult  problem,  especially  in  dry  seasons. 

The  water  of  the  State  can  be  divided  into  two  main  classes,  surface 
and  subterranean  supplies.  The  surface  supplies  comprise  the  river,  lakes 
and  large  surface  wells  or  reservoirs  and  may  be  divided  into  the  filtered 
and  unaltered  classes.  The  subterranean  waters  consist  of  the  deep  wells, 
flowing  or  unflowlng,  and  springs. 

The  most  noteworthy  characteristic  of  the  surfac»e  waters  is  that  they 
are  as  a  rule  softer  than  the  well  waters  and  after  filtration  usually  make 
a  very  satisfactory  supply.    The  well  waters  as  a  rule  are  harder  and  in 
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numerous  places  give  trouble  from  this  cause,  often  nialviug  it  impossible 
to  use  them  satisfactorily  for  stoam  purposes. 

Muneie  uses  well  water.  The  raw  water  is  heavily  impregnated 
with  iron  which  is  treated  by  aeration,  which  puts  the  supply  in  a  satis- 
factory condition.  ,  ; '       't  | 

An  important  condition  found  in  the  well  supplies  has  been  the  In- 
formation secured  showing  the  lowering  of  the  water  level  at  various 
places.    This  occurs  in  a  number  of  locniities,  some  of  which  are  here^vith 

mentioned. 

Towns, 

Kentland  (old  gas  well) 48  feet  drop  in    5  years. 

Elwood   40  feet  drop  In  12  years. 

Greensburg    40  feet  drop  in  10  years. 

Muneie   28  feet  drop  in  (time  not  given) . 

Remington   8  feet  drop  in  10  years. 

Marion    n  feet  drop  in  20  years  (cause  of  the 

foil   at   Marion   Is  given   as  due  to 
waste  from  other  wells). 

Butler  4  feet  drop  in  10  years. 

Bourbon   3  feet  drop  in  Si  years. 

Linton Some  wells  show    30    feet    drop    in    G 

years. 

Kokomo Some  wells  liave  dropped  15  feet  since 

1895. 

It  is  a  long  step  back  to  the  time  when  there  was  nothing  but  water  over 
what  Is  now  Indiana ;  but  now,  over  that  same  area  the  procuring  of 
water  is  an  engineering  problem  of  some  importance. 

The  gradual  receding  of  the  water  from  the  inundated  area  took  place, 
of  course,  through  a  great  length  of  time,  but  even  after  the  waters  be- 
came confined  to  their  individual  channels,  such  as  our  present  day  rivers, 
the  point  of  saturation  of  the  earth  has  been  lowered  by  natural  and  arti- 
ficial causes,  such  as  deforestation,  large  drainage  and  reclamation  works 
and  the  drainage  of  farm  lands.  Records  from  the  weather  bureau  show 
that  the  rainfall  for  the  past  twenty  years  has  not  decreased.  The  ques- 
tion of  run-off,  however,  is  more  Important,  as  this  undoubtedly  has  been, 
and  is  becoming  more  of  an  important  factor  each  year. 

A  systematic  method  of  recording  all  supplies  in  the  State  and  tabu- 
lating all  data  pertaining  to  old  as  well  as  new  supplies  would  be  of  great 
value.  This  could  be  best  undertaken  by  one  of  the  departments  of  the 
State  and  this  information  is  here  presented  as  a  nucleus  for  the  same. 


A  Building  fob  the  Depahtmf.xt  of  Practicai,  Mechanics 
AT  Pi-BniE  University. 

riv  M.  J.  GouiKS. 

The  buiklfriK  wis  rtPslKiieil  fur  the  purjiose  of  providing  liiboriitorli?s  in 
wlifcli  to  taat'h  stiuleiits  of  eii«liieorlnK,  shop  practi**  and  niwrlinnlcal 
(IniwlDK,  Hiid  Is  mcnnt  to  iicc^oinniodnto  three  hiirulml  stii(leti(g  In  the  shopji 
and  three  hundred  students  In  ihc  draniug  ruoms  at  one  time.  The  me- 
chanical Urnniiig  tiiiif;ht  Is  the  (ismil  elenienttiry  drawing  that  precedes 
engineering  design,  and  Incliules  ilescriplive  seonietrj*.  The  shop  praetli-e 
Includes  inannal  training  and  iiPiii'tice  in  tlie  methods  eniijloyed  lii  inami- 
faeturlng  where  S[iei'iiil  trmls  and  labor  savins  devices  are  nsed;  thin  In- 
volving arrangenienls  In  the  sIio[ifi  for  demon  stmt  Ion  wm'k  liefore  groupR 
of  students. 

The  prlni'ipiil  ifnidit'oiis  necessary  for  the  iiropcr  carrying  on  of  siii-h 


Fig.  I. 

ivork  are  ample  light.  ]>roper  ventilation,  and  cnrefnl  rcgnlatlon  of  the 
temperature. 

The  Eiuilding  is  of  common  brick  \vi(b  slone  lrintiulr>^  and  the  design 
was  purposely  made  to  he  aa  simple  as  possible,  as  iH^flts  a  structure  for 
guch  purpose.    The  general  appearauce  Is  shown  in  Fig,  1. 
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It  consists  of  a  three  story  front  in  which  are  the  drawing  rooms, 
lecture  and  class  rooms,  and  offices,  and  a  series  of  one  story  rooms  for 
the  shops;  the  separate  shops  are  bound  together  and  to  the  front  by  a 
hirge  corridor  that  serves  also  for  museum  purposes. 

LIGHTING. 

Considering  the  lighting  first,  the  effort  was  to  have  as  much  lighting 
from  the  sky  as  possible ;  and  as  the  large  area  of  the  roof  made  a  ti*ouble- 
some  accumulation  of  snow  probable  at  times,  a  sloping  roof  with  small 
pitch  was  taken  and  large  skylights  used  to  give  the  desired  openings. 
These  openings  are  glazed  with  a  maze  glass  that  Is  reinforced  with  wire 
netting,  and  this  has  been  found  to  give  a  light  distribution  that  is  satis- 
factory. The  saw-tooth  form  of  roof  was  discarded  in  the  design  because 
of  the  possible  snow  accumulation  in  the  valleys.  The  skylights  are  used 
in  all  the  shops  and  for  the  drawing  rooms  in  the  tliird  Ftory  of  the  frolit. 
In  the  rooms  in  the  front  when*  skylighting  cannot  he  used,  the  windows 
are  made  to  extend  to  the  ceiling  and  to  be  as  large  as  safe  wall  construc- 
tion will  permit. 

The  artificial  lighting  is  principally  by  GO  C.  P.  incandescent  lamps. 
In  the  drawing  rooms  these  are  arranged  in  groups  of  four  close  under  a 
whitened  ceiling.  This  arrangement  Is  used  also  in  the  lecture  rooms,  the 
forge  shop  and  foundry.  In  the  machine  shop  the  arrangement  is  supple- 
mented by  individual  lights  at  the  ends  of  arms  made  of  flexible  tubing, 
and  in  the  wood-worldng  room,  mercury  vapor  arcs  are  used  for  the  ceiling 
lights,  with  tlie  individual  lamjis  at  tl»e  bench*^  and  lathes.  In  the  wash 
ard  toilet  roi>ms  the  light  is  distributed  by  individual  ceiling  lamjis. 

HEATING   AND   VENTILATION. 

It  was  considered  desirable  that  the  heating  and  ventilating  be  by 
s<n>arate  systems.  The  heating  Is  done  by  radiation  from  steam  heate<l 
nidiators  that  have  automatic  control.  These  are  coils  of  pli>e  that 
are  suspended  from  the  ceiling  in  some  iwrtions  of  the  shops  and  wall 
radiators  in  other  parts,  and  in  the  front  portion  of  the  building.  The 
steam  is  generate<l  in  the  central  healing  plant  of  the  rnlversily,  and  Is 
brought  to  the  building  in  covered  jjipes  in  a  tunnel. 

The  ventilation  is  arfonipllshed  by  taking  air  from  outside  the  build- 
ing and  after  passing  it  over  steam  heated  pipes  in  a  chamber  in  the  base- 
ment, where  it  is  tempered  to  67**  F.,  forcing  it  through  ducts  in  the  walls 
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and  dMributing  it  over  the  buUdiu^.  In  •  the  shops  the  distributiou  J8 
through  8het»t  metal  i)l|)es  that  are  suspended  against  the  upper  i)ortlon 
of  the  side  walls.  The  temperature  is  controlled  by  a  regulating  device  In 
the  heating  chamber.  By  this  scheme  the  ventilating  apparatus  can  be 
<*lose<l  to  any  jmrtion  of  the  l)uilding  not  in  use.  It  may  be  used  also  as  a 
supplementary  heating  system  in  severe  winter  weather. 

POWER. 

The  electric  current  used  for  |H)wer  and  llghtfng  is  genenited  in  a  plant 
that  Is  al>out  three  hundre<l  yards  away  from  the  nearest  point  in  the  8hoi)s. 
It  is  of  the  alternating  kind  nnd  is  brought  to  the  building  at  a  tension  of 
twenty-two  hundred  volts  and  is  then  stepped  down  to  two  hundred 
twenty  volts  in  a  transformer  that  is  placed  just  outside  of,  and  in  the 
rear  of  the  shops.  The  portion  used  for  power  purposes  is  carried  to  a 
numl>er  of  small  motors  that  run  grouiis  of  the  machines  or  that  run  indi- 
vidual machines:  there  are  seventeen  groups  in  all  besides  the  individually 
<lriven  machines. 

In  the  wood  workin^?  sliop  It  hns  Ix^en  iMissible  to  place  the  motors  in 
the  basement,  and  this  Is  especially  desirabU*  in  woml  working,  as  it  tends 
to  freedom  froni  dust.  This  was  not  pt)ssil)le  In  the  machine  shop,  l>ecausc 
of  the  design  of  the  driving  hea<ls  of  ordinary  machine  tools. 

The  general  arrangement  of  the  building  Is  shown  in  Fig.  2,  where  the 
ttiuiv  area  devoted  to  the  various  [luriwses  is  shown,  also. 

Adjacent  to  every  one  of  the  shoiis  there  is  a  room  for  demonstration 
purposes.  This  is  arranged  so  lliat  a  mnchine  may  l>e  conveyed  from  its 
[)lace  on  the  shop  floor  and  used  during  tlie  exposition  of  its  purposes. 
Power  for  tills  pur|)08e  is  brought  to  these  class  rooms;  and  to  furnish 
current  for  the  proj<»ction  lantern  in  the  large  ie<*ture  room,  there  is  a 
separate  set  of  wires  from  the  innver  house,  bringing  a  direct  low  tension 
current.    This  low  tension  current  is  carried  at  one  hundred  ten  volts. 

CONVENIKNCES. 

The  basement  under  the  main  corridor  has  the  locker  and  toilet  rooms; 
a  battery  of  forty  wash  basins  supplied  with  hot  and  cold  water,  and  rows 
of  metal  Icnkers  are  arranged  at  each  end.  There  are  individual  lockers 
fnr  eight  hundre<l  flfty  students,  in  which  they  keep  ihcir  work  clothes. 
In  the  shops  there  are  also  separate  hMk«'rs  for  eight  hundred  fifty  stu- 
dents, in  wliieji  fhe  nuiterlal  on  which  tlH\v  are  working  is  place^  y^h^^ 
not  In  use. 
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The  drawing  rooiiii?  are  ftirtilshed  with  cvrresimndini?  lockers  and  other 
facilities  for  the  apparatus  uaed  in  drawing.  In  the  tliird  story  are  two 
rooms  for  hlnc  printhig  and  corresponding  worlc.  One  room  is  arranged 
for  sun  ijrinting  and  has  slieets  of  plule  glass  In  an  exi>osing  wall  on  one 
side.  There  are  the  usual  printing  frames.  The  other  room  has  no  out- 
side wall  and  is  fitted  with  a  blue-printing  nmchine  in  which  exposure  is 
made  to  a  rise  and  fall  electric  arc.  The  washing  and  drj'ing  of  the  iirints 
are  done  in  the  sun  printing  room. 

There  are  two  dark  rooms  for  photographic  work. 
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The  Cycle  of  Subterranean  Drainage  as  Ilx-ustrated  in 
THE  Bloomington,  Indiana,  Quadrangle^ 


By  J.  W.  Beede. 


The  Bloomington,  Indiana,  quadrangle-  is  the  first  topographic  map  tx» 
be  completed  in  the  cave  region  of  Indiana.  It  is  fifteen  minutes  square  vvitli 
contour  Interval  of  twenty  feet  and  scale  of  1/62,500,  or  about  a  mile  to  the 
inch.  Careful  inspection  of  the  field  shows  it  to  be  remarkably  full  and 
accurate  in  detail. 

While  the  cycle  of  subterranean  drainage,  as  here  presented,  had  not 
been  discussed  betv%een  us,  yet  all  the  various  phases  of  it  have  been  dis- 
cussed and  similar  conclusions  indept»ndentl3'  reached  by  both  Professor 
Cumlngs  and  the  writer  as  the  result  of  tramps  and  class  excursions  over 
the  cave  regions  of  Indiinra.  The  cycle  has  also  been  given  as  lectures, 
llhTstrated  with  lantern  slides,  in  our  classes.  This  paper  has  also  liad 
the-  benefit  of  Professor  Cumlngs*  criticism. 

The  physiographic  history  of  the  Bloomington  region  is  such  as  to 
make  this  map  very  interesting,  both  for  the  remarkable  preservation  of 
the  older  geographic  features  and  for  the  recent  modification  of  them. 
Not  the  least  interesting,  nor  the, least  important  of  these,  is  the  subter- 
ranean drainage.  Indeed  the  fine  preservation  of  the  older  features  is 
due  to  the  fact  that  the  water  has,  figuratively  speaking,  soaked  into  the 
old  peneplain  much  as  it  would  into  a  si)onge,  confining  its  work  to  the 
soiutlon  and  honeycombing  of  the  roclis  beneath  the  surface  instead  of 
concentrating  its  energies  cutting  it  into  ridges  and  valleys. 

The  whole  of  the  quadrangle,  excepting,  perhaps,  the  northwest  comer, 
lies  in  the  driftless  area  of  Soutliem  Indiana.    The  larger  streams,  except 


^  The  title  of  the  paper  as  shown  in  the  program  was  "Features  of  Subterranean 
Drainage  In  the  Bloomington  Quadrangle."  After  the  title  had  l>een  sent  in  it  was 
realised  that  It  would  be  impossible  to  treat  the  subjects  in  mind  intelligently  without 
outlining  the  cycle  of  subterranean  erosion.  This  outline,  of  course,  overshadows 
the  minor  details  intended  to  be  covered  in  the  paper,  and  hence  the  change  in  the 
wording  of  the  title. 

»  Price  Ave  cents.  Apply  to  The  Director,  U.  S.  Geological  Survey,  Washington, 
D.  C. 

[G~2G988] 
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Clear  crtvk,  were  efl'ec-ted  by  glacial  waters  whuli  Wrie  one  of  the  potent 
faetors  iii  producing  the  iH^aiitirul  terraces  of  Heanl)lossom,  Salt,  Richland 
and  C(K>n  creeks.  However,  it  is  with  the  subterranean  drainage  that  we 
wish  to  deal  at  this  time. 

(;  K  X  KK  A  L   CON  SI  DERATION  S. 

Before  dis<ussing  the  details  of  the  underground  drainage  of  the 
UhHiniington  region  it  is  necessary  to  discuss  somo  of  the  general  features 
of  the  develoi»nient  of  sui)terranean  drainage  under  various  conditions. 
Underground  drainage  is  developed  in  two  ways: 

1.  In  a  region  of  very  soft,  ik)1'ous  rocks,  wliere  jointing  and  bedding 
uiay  play  a  somewhat  minor  role,  the  channels  are  determineil  to  some  ex- 
tent l>y  the  varying  degrw  (»f  [Mirosity  of  the  rocks  through  which  the  water 
perrolates.  Under  such  condititins  the  caves  are  apt  to  l)e  less  regular  in 
their  forms  and  their  courses  less  angular  than  would  otherwise  be  the 
(•ase.  This  also  has  a  maiked  effect  uih»u  the  origin  of  the  sinlv-holes  and 
r^ave  o[KMiings.  Under  these  conditions  the  sinks  may  l)e  forme<l  where 
the  nu-k  is  so.newhat  mt)re  porous  or  where  there  was  a  slight  dei>ression 
sirlginally.  Tiies<?  factors  are  liioditled  by  the  [»roxlmity  of  chaum»ls  be- 
lU'.itli  the  surfjice.  In  such  cases,  as  has  been  [lointeil  lait  by  Sellards',  the 
sinks  first  apiiear  j.s  "cave-ins"  of  the  soil  and  rock  structure,  the  sink 
being  tirst  a  h<.le  of  greater  or  less  size,  sometimes  being  larger  below  than 
:\K  tiic  surface.  That  is,  the  iiole  may  be  conical  or  '*jug-shai>ed,"  as  sug- 
gested by  Eig'^nmann\  The  caves  of  Canas,  Cuba,  are  of  this  type.  Sinks 
of  this  kind  are  forined  most  abundantly  where  the  surface  of  the  region 
is  but  little  elevated  above  tide  or  general  drainage  level  and  the  caves  or 
channels  are  close  to  the  rwk  surface  so  tluit  it  is  easily  undermineil. 
In  cases  wiiere  the  caves  are  far  lieneath  the  surface  tlie  sinks  will  be  de- 
termined—in the  absence  of  surface  irregularities — by  the  location  of  the 
more  porous  sj>ots  in  the  r(jcks  near  the  subterranean  channels  and  will  be 
developed  by  solution  from  the  top  downward.  It  may  be  remarked  here 
tliat  tiie  joints  in  si^me  of  The  Cuban  caves  are  inccuispicuous. 

2.  The  other  ci'Udition  under  which  caves  are  formed  and  free  under- 
ground drainage  developed  is  In  the  firmer  limestones,  usually  well  above 
sea   level   and  the  major  drainage   lines.     The  denser   the   limestone  the 

3  S  den  to,  XXVI,  p.  417.  11)07.  Moro  fully.  Bull.  I,  Kl.a.  (UhA.  Siirv.,  pp.  49-r>7, 
IDOS. 

•Dull.  r.   S.   Fish  Conini.,  1002,  pp.  211-230. 
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wnnllel*  the  percontnf^e  of  pore  space,  niui  the  Uiiniun*  the  he<ls  the  jrrenter 
is  the  t-'udency  to  form  shiks  jiimI  eavej-  nml  tlie  nlore  shari^ly  aii;^nltir  are 
the  subterranean  drainage  courses.  Tliis  is  excellently  illnstrat(Hl  in  the 
cave  region  of  Indiana.  The  Mitcliell  limestone  Is  very  dense,  thin  bedded 
and  impervious  for  a  limestone  and  is  broken  into  small  joint  Mocks.  Het*e 
the  subterranean  flow  is  largely  eouflued  ro  the  joints  and  bedding  i)lanes, 
thus  concentrating  the  solution  effected  l)y  the  water  to  the  imme<liate 
channels  through  which  it  flows.  In  tliis  way  channels  are  produced  and 
enlarge<l  with  maxinumi  rapidity. 

On  the  other  hand  we  may  contrast  this  condition  witli  that  of  tlu' 
Salem  limestone  lying  immediately  l)eneath  the  Mitchell  limestone.  Th;* 
Salem  is  nearly  dexoid  oi  l)edding  [dancs,  a  rather  soft  and  (piite  porons 
limestone,  throngh  which  the  water  i)ercolatcs  with  rebitive  ease  Tlie  re- 
suit  is  that  caver,  in  the  Salem  limestone  are  very  rare.     When  they  occnr. 


Fig.  1.  I)la:^rnnimatir  llliHtratlon  of  irn'iplent  subteriaiiean  (lraina;o.  The 
main  str<^ara  Is  entrenched  and  the  tributaries  out  of  adjustment  pitch  over  rapids 
to  join  It.  I*nderj?roun<l  drainase  has  start«(i  throuijjh  the  joints.  The  vertical 
dotted  line  a  h  r(  piu-sent.s  the  original  unbalanced  static  water  head  which  started 
the  circulation. 

as  at  Mays  cave,  they  may  be  formed  by  a  cave  passing  down  from  the 
Mitchell  limestone  into  it  to  reach  the  snrface  nearer  rhe  drainage  level. 
The  lack  of  freipient  bedding  planes  is  a  strong  contribntory  factor  to  this 
<*<mdition.  Aside  from  its  strncinre  the  opi>ortnnities  for  the  formation  of 
subterranean  channels  are  as  good  as  in  the  Mitchell  limestone. 

Again,  the  Harmdsbnrg  limestone,  lying  innncdiately  below  the  Saleiu 
limestone,  is  harder,  less  porous,  more  highly  jointed  and  thinner  bedded 
than  the  Salem  and  shows  a  corresi)ondingl3'  greater  tendency  to  develop 
uudergnmnd  water  channels.  The  Mitchell  limestone  pixssesses  the  ex- 
treme of  these  conditions  and  the  extreme  <levelopment  of  nnderground 
<Lhannels. 

rilF    si  r.TIlUKANKAN    ORAlNKCi:    CVCI.K. 

In  either  a  coastal  plain  or  an  interior  region  which  has  biH»n  thor- 
oughly baselevided  and  reelevated,  what  drainage  there  is  to  begin  with  is 
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surfac'e  drulnuge.  II;  rcDialiis  siirrnce  dralDage  until  the  niplils  of  tbe 
larger  streams  have  deepened  thelt  vnlleys  well  across  the  plain,  leavinR 
their  tributaries  out  of  adjustment  with  them.  At  this  stage  underground 
drainage  Urst  takes  place  to  a  considerable  degree,  llie  rocks  are  satu- 
rated with  ground-water  and  at  the  level  of  the  larger  strenins  Is  under  an 
unbalanced  static  head  equal  to  the  difference  In  elevation  of  tbe  surface 
of  the  tributary,  and  of  the  water  table  botwcen  the  tributaries,  and  Uie 


a  liuli!  (enlarged  Joint}   in  llmeatone, 

main  strenui.  As  tl>Is  Is  slowly  di'awu  olT  more  Is  vupplled  from  above 
and  a  subterranean  circulati'm  is  began.  The  development  of  sinke  goes 
along  with  the  development  of  the  subterranean  drainage  channels.  The 
cross-jolnta  most  favonibly  siumtcil  with  respml  ti>  free  circulation  below 
and  supply  from  rihove,  awm  \K-iin  to  be  ciiliirKiil  by  solution.  This  wilu- 
tloii  is  uiuat  nrtlve  wbeie  tbe  water  flrrtt  conies  Into  cimtuct  with  Ibe 
Itniestotie  and  Ihc  upjier  iiart  of  tlie  oiicnhig  will  be  dissolved  most  rapidly, 
reHuIting  in  ii   funnel-shaited  hole.     Tbe  larger  tbls  funnel  bectmies  the 
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more  water  it  collects  and  the  moro  rapidly  it  widens  at  tUe  top  and  the 
larger  the  sink  becomes.  In  this  way  the  sinks  develop  at  the  same  time 
that  the  subterranean  channels  do  and  in  a  region  of  mature  sink  topog- 
raphy where  the  channels  are  well  below  the  surface,  as  in  the  Indiana 


I   '    l'    t  '    1   '    I    ^L 


Fig.  3.  A  more  advanced  stage  of  subterranean  drainage  than  No.  1.  Sinks 
have  developed  and  all  the  water  of  the  stream  passes  beneath  the  surface  and 
enters  the  larger  stream  as  a  great  spring.  It  may  be  considered  a  sort  of  vertical 
self  capture,  a  common  occurrence.  The  underground  channels  have  become  enlarged 
and  subterranean  drainage  has  worked  headward  along  the  stream.  At  this  stage 
the  sinks  will  be  developed  over  considerable  of  the  surrounding  land  surface.  It 
may  be  regarded  as  approaching  maturity. 

region,  probably  ninety-five  per  cent,  of  the  sinks  are  formed  this  way.*  It 
is  certainly  true  of  the  Bloomlngton  region  and  all  the  Indiana  region  as 
far  south  as  Wyandotte  that  has  come  under  the  writer's  notice.  In  some 
cases  a  sink  may  cover  many  acres  and  be  as  much  as  a  hundred  feet 
deep.'  The  first  surface  indication  of  the  sink  Is  frequently  the  collapse 
of  the  soil  into  the  funnel  which  has  been  dissolved  in  the  surface  of  the 
underlying  rock.  This  has  probably  given  rise  to  the  iwpular  notion  that 
sinks  are  usually  fovmed  by  the  collapse  of  the  roofs  of  caverns.^    Incipient 


Fig.  4.  An  Ideal  section,  similar  to  Nos.  1  and  2,  in  old  age.  Natural  bridges 
are  developed,  much  of  the  roof  of  the  subterranean  channel  has  collapsed,  revealing 
the  underground  stream,  and  the  mouth  of  the  cavern  has  retreated  by  collapse  and 
erosion.    Dotted  line  indicates  the  old  land  surface. 


»  See  Blatchley,  21  Ann.  Rep.  Ind.  Dept.  Geol.  Nat.  Res.,  p.  133,  1896. 

*  For  a  discussion  of  the  solution  of  the  Indiana  limestones,  see  Cuminf;s,  Proc. 
this  Acad.,  1905,  pp.  85-102,  190G.  Caves,  F.  C.  Greene,  Idem,  for  1908,  pp.  175-183, 
1909. 

'  This  does  not  seem  to  apply  to  the  cavi*s  of  Florida  and  some  regions  of  Cuba 
where  the  channels  are  very  near  the  surface  and  the  roof  soon  becomes  so  weakened 
that  It  g\yea  way,  and  the  extreme  porosity  of  the  rocks  docs  not  concentrate  the 
solution  to  the  joints  to  produce  soluticm  sinks. 
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liid.  During  flooils  tlilri  I'liaand  cuiilalaa  wdIim-.  It  Is  twtlvc  miles  long.  Tbu  val 
liy   IB   verj"   bronti,    with   iDrtisMiict   bhilTs. 

more  iiiul  more  or  ils  ciiiiiso  to  uiKlfi'KivninO  <1i-)|Iii)ik<'.  Tho  dtxtimoc  whlcti 
streiiniK  inny  tiow  iiiKleriii'iiiihil  li^fiiiv  ri'iii>|H':iriii;;  ;it  tlie  surfiice  depemls 

iilHMi  the  [ihyslciil  (-.iiiiliUiiiin  in  whi.'li  (lify  ure  iilnceil.  Tlie  illstiiufe  tliiit 
tlii\v  iin;  now  olist'vviil  to  How  lieiioiitli  Itii'  MHi'riii-e  dciiendsi  iilso  uihju  tliii 
sliiS''  ill  tile  c'.vi-le  nf  eniKiou  iii  wiiidi  tliey  liaiiiieu  to  be.  Thus,  in  tlio 
lli'istul-SliuiiiiiiKfioiK'  ii-Kiiiu  •'{  'iViiiicsKec  null  iieljjlilxji'iug  country  the  dis- 
liuK'e  si't'Mis  t<]  III-  iilHiul  :i  mile.  r^oHt  rlviT  In  Inillinm,  flon's  iibout  b\\ 
miles  in  :i  iVnvt  Miii'.  oi-  ulLini  <1nnt>lc  rli:it  ilisl:iiiit>  by  the  olil  diiiniiet,  be- 
fiiiv  ifii|i]>i>;irin;,'.  I'lTlniiifi  l.nsl  river  slii:iiiil  lie  rogurilcO  lis  being  lii  a 
siiiiieivluit  ]:ilfi'  hhip'  in  lis  cyrli'  lliiin  lliose  of  tlie  region  jusl  ineiitioHed, 


sllic-e  there  tx  evirtenr'c  tlmt  ciillapmi-  \v.\n  lirontitit  IJic  |ir<-Feiit  bti'iiiui  to  tliu 
RiiiTace  for  some  lilsrsni.*  bclinv  tlie  "Cuir'  nliciv  It  iiuw  (>snii>os. 

The  collapse  of  the  montli  of  tlie  ciivpni   is  liroii^'lit  iilmiit  b.v  the  In- 
crfiised  width  iiml  Height  due   ti^  Nuliitioii  aiiil  iiIii'iikIou,   IIic  full  ot  shilis 


Burface  or  aubterraneun,  and  the  sninller  ones  fartber  from  them,  as  Is 
Ulustrated  in  the  plain  Boitthweet  of  Uloonilngton.  When  this  etage  has 
been  reached — with  sinks  well  develofied  over  most  of  the  region  and  col- 
lapse has  begcn  M  the  exits  of  the  cave  Mrpanis — a  region  may  be  re- 
garded as  in  Its  maturity.  It  is  only  after  the  mature  staee  of  the  cycle 
has  heen  reached  ihat  sinks,  due  to  the  collniise  of  cove  toofs,  begin  to  ap- 
pear In  consldct-nble  numbers,  and  niilurnl  bri(li;es,  due  to  collaiise  of  the 
cave  roofs  above  ami  below  n  given  iiuint,  Ijegiii  to  ije  deveioiied.    Soliiliou 


Pig.  S.  SprlDR  at  Ltfooards  Mill  (bouHe  Id  deep  gulcli  south  o(  Leanarda 
■cbool),  Hhowing  similar  features  aa  pTecedlng.  Note  water  escaplag  all  arouod  the 
loregrauad.  A  portiuD  of  the  water  tcom  the  mala  spring  is  shown  Id  the  extreme 
lower  lett  comer  of  the  picture.  The  outlet  for  the  sinks  south  and  northwest  of 
Leonards  school. 

sinks  that  happen  to  i>e  located  above  caverns  may  be,  and  trequently  are, 
transformed  into  collapse  sinks  In  tlie  latest  stages  of  subterranean  erosion. 
When  these  features  of  collapse  become  prumlueut  and  much  of  th<! 
drainage  has  t)een  Lrouglit  to  the  surface  again  and  collapse  sinks  are 
'  numerous,  old  age  has  been  reached. 

The  valleys  produced  by  the  collapse  of  caverns  and  the  transforma- 
tion of  subtenaneiui  drainage  lo  surface  drainage  Imve  a  charaoterlHtlc 
form  that  nt  once  distinguishes  them  from  ordinary  drainage  valleys. 
They  are  rather  sharply  li-shaped,  with  steep  sides  like  a  young  valley 


ferranenn  frppks.    IHiesc  In  turn  worp  iii'oCoiinill.v  inlliien.'oil  liy  the  riowili"" 
of  the  previdHs  Tprt1:iry(  ?^  Burfiipe  slrciims. 

In  n  cnQsLiI  plnln  tin-  ilpNiils  of  Mie  c.vile  will  Ik*  s.iilh-\vIi:i(  liiPTdviif. 
but  the  eesentlnl  fei^tiircs  will  he  s1mih\r.  The  illiTei'eiii't-R  will  Ih-  iliic  In 
the  physical  oharaciera  imtl  strncinrp  of  th'^  rock,  the  Ijij-k  of  iirevloiisly 
esliihllBiietl  (InlnnBe  Hiwr  iiiiil  the  ivlnlivoly  low  fliw:iMc>ii  iiIkwc  sen  level. 


At  the  time  wbeu  the  silbterniiieun  ilrnluiige  i^^  at  the  luiixiiiniiii  it  i^' 
subject  to  the  houic  ncciilcnls  iis  siirtiice  aniiiitigf,  exccjit  thut  the  mnilui. 
aperaiidi  is  difTereiit.  Stibteri'iirenn  jilracy  falls  iimlei'  two  (llstiiict  lieiitlM. 
the  capture  of  ')ne  Miirfaie  stiViiiii  liy  another  throiij-h  suhterriineaii  ilriilii- 
age,  the  easL(>st  foi'in  to  obsei-re,  and  tlie  capture  or  on.?  subterrnnenn 
stream  by  another.  lu  each  case  there  are  minor  varietlea  of  cflpture  snHi 
as  one  trlhiUary  by  nuother,  and  rcIF  capture.  IiiileM  these  ai'c  probably 
much  more  common  timn  the  capture  of  one  surface  stream  hy  anotiier. 


It  a  surface  stream  flows  a  long  distniice  over  a  rather  gentle  grade  to 
reach  a  certain  level  while  :i  e<jmpelitor  Hows  a  stinrt  distance  to  reach 
a  Blmllar  level  It  may  capture  the  headwaters  uf  tlie  former  through  Bub- 
1  drainage,  leaving  the  divide  betneeu  the  valleys  liitHCt.     Xhls 


Fig.  11.  Emergpiice  ol  cave  atream,  moutb  vt  Shtwaet  cave  east  of  Mltebell, 
Indiana.  The  root  ot  the  cav«  at  Its  maoth  Is  veil  aupported.  lust  back  of  thla 
there  are  two  large  roaniB  connecting  with  the  main  cave,  leaving  a  large  area  ot 
root  QUBapported,  It  baa  faulted  down  about  six  Inches.  The  completion  o(  tbta 
collapse  mlgbt.  In  time,  leave  a  Datural  bridge  at  the  present  mouth  o[  tbe  cave. 
Tbe  valley  Is  a  tjplcal  collapse  vallej. 


feiideiicj'  is  acctiitunlefl  when  tl»e  plfnte  it*  fflvolx-d  by  the  dip  of  tlio 
rocks,  but  frei|i]^ntly  occilrs  In  spite  of  tbe  dip  in  cases  where  tht- 
flip  Is  geiitlei  It  IS  pi'obnblj-  fnie  that  the  ODly  eswntinl  of  aUch  capture  is 
that  Mo  Streams  lie  otie  lilgher  than  tlie  other  in  ii  region  of  soluble  rookM 
siitOdeiltl;  dose  to  each  othef  to  permit  the  final  enti^nce  of  some  of  the 
watet  of  the  one  to  tbe  other.  Exanlples  of  such  pinicy  are  by  no  means 
wanting  In  the  BloDinln);ton  regiott. 


toregroaDd. 

[n  order  to  make  these  s|)ccinc  crises  fuil.r  Inlelliglble  it  Ih  neceesiiry  to 
refer  to  some  length  to  the  phyiiii^niphic  history  niid  conditions  of  tho 
region.  Tiie  well  presen-ed  plain  west  of  Blooraington  apiwirs  to  Iw  n  very 
early  I'lel.-^toceue  pcne|ilaii'.  Tills  plnln  extends  at  nbout  the  same  nltllmle 
throngbont  the  extent  or  the  map,  excopt  that  it  Is  I'islbly  beveled  toward 
tlie  uiiijiir  drainage  lines,  as  will  nppcnr  later.  The  penephiln  is  much  dis- 
sected In  tha  ni?rthea stern,  sonthenslern,  and  western  parts  of  the  quad- 
rangle. There  are  many  inonadnocks  to  be  found  along  tbe  old  divides  or 
near  the  beadwnteru  of  some  ol  tbe  minor  Btreams,  rising  from  a  Itttle 
over  fi  hundred  feel  to  Iwu  hundred  feet  or  more  above  this  old  plain  and 
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re.K-lilii;;  clevtillMUB  .>r  rrfn>i  n  IiMIc  iii.<lor  !h)i»  feel  to  l.ono  feet  A.  T.  ThP 
ones  wciiilli  iir  Kii'ksvilk-  iiro  tlir  1x^1  iireserved  amrniiiiour  to  Iw  i-DUiuiiDt!t 
or  lln>  very  olil  'IVrlliir.v  jieiici'liiln  or,  [iprli;i!is,  Iimkp  level.  It  Keeiiia  i>rol)- 
iilile  Hint  (III-  ivtmli'  ii'cli.ii  "ivereil  liy  Hie  niai)  ami  Hip  IiIkIiit,  tougher 
|i»rts  or  smitlierii  IiiiUiiii:)  are  a  part  of  Hie  I^xiiit;toii  plain  of  Campbell. 
i-ciiHiiiii;  rri.111  tlLe  Ciiiiilieilfliiil  riuletiii  wpsnvnril  to  Hie  TeimesKeo  river, 


the  Iiidiniia  imrltoii  bdin;  ii  spur  exteiidhi^'  iirirHiwcst  fi'oiii  tlie  tyiie  reglui! 
:it  I*\iiiKt<>iL.  It  v.ill  lie  iioliccil  ilii.t  tiic  eleviilimi  of  the  old  plain  ami 
miHiiKliiiit-ks  (vnloctias)  Is  materially  lowered  as  Hie  western  eil«e  of  Hie 
iii^H<  JM  iippr.ia.lied.  Tills  Ik  ilii.;  tu  Hie  mirliue  dl|i  Into  the  West  Vork  iii 
Wlilti:  I'iver  h'lsin.  A  riiiiillMi'  iK-velin;:  will  lie  noted  on  ti|il'r<>iR-hiiig  Salt 
creel;  In  the  wniHiedsi  ccirnrr  of  tlie  nia[i,  and  neaiililosaoin  In  the  uortli- 
eiistorn  fonier.  Kvi.'ii  In  an  exireniely  old  ptnepliiin  Hils  iH-velllnR  lowni'd 
tlie  tnaln  streinii  of  (lie  liastii  is  die  noniiai  coiidlllon  ;ind  sboulil  be  ex- 
Iiecteil  (.1  bo  fonini  <>ii  a  re.iuvi'iinleil  pliiin. 
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The  pliysiogriipliip  hlslory  of  Hip  rcslon  niiiy  l)e  ^rll?tl.v  suiiniiarlzwl  ni* 
follows;  WliPii  the  riiilRtopene  i>fnepliilu  hiiil  iycvn  develiuM'd  tlif  ci'iicrni 
level  of  tlie  land  wiis  Init  (iligti;l>'  nliove  tli<!  iii'eKCiit  l<!vcl  of  the  bnttoiii 
laudB  ot  the  larger  slrenuiK.  Th»  stveiims  Honed  iit  nbout  tlie  level  of  the 
present  larger  BtreamH,  while  the  divides  between  thi'iii  Inokeil  iiiufh  aa 
(liey  do  at  jjcpspiit  wlieii  lipwiil  friiin  Ihe  olil  iieiiciiliiln  wi-st  of  HlooinliiR- 


Vle.  N.  Tliv  l[ll[']ii>l]  iii'ni'|>liilii°.  hIkiiiI  ^i  iiiIU'k  n<'»i  ■.<!  llluomlniilmi.  A  pnrt 
><f  the  liulinn  (.'reek  huHin.  Tin-  iiliiln  Is  hvvv  UK)  l-vi  nh«vv  ilialiiuKe  U'vcl.  Kiilii'i' 
ilr*lnagG  iuliicrrani'^n. 

toil.  The  viillt?y«  of  I'vi'U  Hie  wiiiili  wlrcMius  wort!  wiik'  iiiiil  (ln-lr  liliilTw  lii- 
(liFtlni.-l.  Tilt  iHiidsciiK'  wiLs  niintliiK  In  jiiis;i'!:irlty  and  iV!in  one  chtiriicli'r- 
Ized  hy  gently  flownis  curves.  AH  Ihc  strcniiH  mvm  to  huvc  nipjindereil 
ronwderiihly  wiwin  tlielr  vjiMey  Hunrs.  (lie  hii'sier  ones  to  ii  vory  sreiit  ex- 
tent.    M'wt  .if  lliese  lo:ilui-i.s  nr-  well  slii.nii  liy  (he  lillle  sliTiiins  in  wliic^h 


111.,  and  Eonthwaril. 
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tlii>  ru|jiclH  liiw't.-  uut  yet  rpiiclie<l  the  very  lieudnutcrs  and  ttiose  wUlcb  bnp- 
|)eu  to  be  preserved  Just  ne  tbey  were  npon  tbe  sink-bole  plain. 

Tbe  drainage ^88  conaned  to  the  surface,  since  the  streams  and  tbe 
water  table  were  very  near  the  senernl  surface  lecpl.  After  this  condition 
liiid  been  thoroughly  established  tbe  whole  region  was  uplifted  without  con- 
siderable tiltinR,  to  iiii  elevntirth  sonieivlint  above  tbnt  which  It  now  pos- 
soKses,  an  elevation  aniiiuiithiR  to  nimards  of  200  feet.    Following  this  the 


V\g.  1,1.  Vli'w  looking  noiiiiWFBt  from  altli-  ot  ni<iiiHcIuo;k  showD  la  Fig.  IB. 
iMugcd  link  In  middle  graunil.  Oi>youd  Ik  ibc  plalD  at  Indian  C'rc«k  valley.  Present 
dralnase  subtertaneaii.  Tbe  ri'maant  of  a  monadaiMk  (calocllQ)  Interrupt*  tbe  even 
Hky  line  Jnat  at  the  right  ot  the  center  of  the  background. 

larger  sireams  etched  their  channels  to  temporary  base  level,  but  soon 
afterward  the  i-eglnn  smiU  n  Utile,  As  n  result  the  streams  How  at  a  level 
somewhat  abin'e  llie  ruck  Hoors  of  their  valleys.  Other  minor  incidents  oc- 
curred which  hiivc  left  their  liiipi'etw  iiixin  llie  region  but  wtiicb  need  not 
lii^  (lihcussed  Iter*',  Aflcr  (he  llrst  eicvntiini  took  |ila<i-,  rii|>idH  passed  uji 
the  main  streums  ciittinf'  gor^^  In  tlie  valleys.  As  IIichc  rapids  passed 
the  mouths  of  the  tributaries  the  latter  were  left  out  of  adjustment  with 
llie  master  streams  and  reached  them  by  rushlDS  over  high  rapids  antf 
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fulls.  Sdinc  «f  the  liirger  trtl)utiirl<'A  rcrtiiced  the  lower  iiarts  of  their 
coursos  wltb  sufficient  nipiditj'  to  pitvent  the  development  of  extensive 
siibterraneuii  ilrainnge  bencnth  tlieni,  but  Ihls  was  not  true  of  the  smatler 
ones  lyin?  on  the  limestone  plHln.  AVhen  the  liirt;er  streams  left  the  smaller 
DiieR  hnngliig  hl^h  fn  the  air,  siiUleiTflneiin  drnlnngc  beRaii  In  eiirnest    Tbe 


V\g.  10.     Welmrr  Siirinj;,  lltoanilDgtun  Waterworks. 

rocks  were  snlurateil  with  groii nil- water  and  near  the  niDiitliN  vt  these 
streams  was  undtn'  nn  mihalaiiccd  static  bead  of  iibout  a  hundred  feet. 
This  water  gradually  flowed  Into  the  deeper  valleys  aiid  was  In  turn  re- 
plenished by  more  from  above,  und  acthe  underground  drainage  began 
and  continued  in  tbe  inainicr  already  indicated. 


.'  [ri  Iti.rky  Ilniiii'li  nui'th  of 
ii.il  niluLvd  Its  wliok-  vallej 
:  tlic  rlelit  slite  Is  clearest  o 


6ii  tiiriiiijg  U<  ttiL'  isiD.'iuliislcii  iimiiiriLiiglo  wmio  vi-ry  peculiar  driiliing^ 
fenturcs  wjl!  be  se«n.  It  will  lie  noted  tlint  tlie  lieadwiiters  of  the  western 
luuuchea  of  Clear  creek  soulhweet  of  Ittoonilngtoii  niu!  the  eiistern  trlbu- 
tiu'les  or  Kicliluud  creeh  neni'lf  west  of  BIimiuiIii^ou  ii»d  nortli  of  Sinn- 


wator  nilglit  onCer  tlic  groiind  above  Ihe  cancadp  and  npriciii'  as  spiinHs  Iwlow  It. 

ford  Stntloti  fre<|iii>utly  Do  In  (li!f']>  vall<>.vs  with  stcegi  liciuls.  On  tbe  pliiln 
between  tlipso  two  rre*"!!*!  Is  a  resiion  wUlch  1m  (Iniiiied  by  great  sinks  opiJO- 
slte  ttic  heuils  of  tlieae  strcnms.  A  little  I'aitlicr  south  Tndinn  creek  heads 
on  this  plain  and  continues  a  little  west  of  south  with  gentle  grade  In  Its 
headwaters  compared  with  the  ones  before  mentioned,  liy  following  the 
valley  at  the  hcnrt  of  Indian  creek  northward  it  will  be  discovered  that  the 
valley  extends  as  far  north  as  the  race  track  west  of  the  northern  part  of 
Hlooniington,  and  that  the  water  entering  the  large  sinks  just  mentioned 
is  really  the  wafer  of  the  head  of  Indian  creek.  The  same  will  be  noted 
of  tlie  great  sinks  northeast  and  south  of  Klanclic.  The  water,  after  enter- 
ing these  sinks,  appears  In  the  deeply  incised  heads  of  Clear  creek  and 
Richland  creek  Instead  of  contlnning  down  Indian  creek.  In  other  words, 
Blchland  creek  and  Cli'iir  creek  have  captured  the  waters  of  Indian  creek 
by  subterruucnu  piracy. 
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This  diversion  of  water  was  brougiit  about  by  the  location  of  the 
streams  in  question  with  respect  to  the  roclc  structure  of  the  region.*  The 
strike  of  the  roclis  is  nearly  north  and  south.  The  lower  rocks  in  the 
northeast  and  southeast  part  of  the  region  are  the  soft,  easily  eroded 
"Knobstones."  Salt  creek,  on  account  of  its  very  large  size,  readily  etched 
its  lower  course  to  grade  and  when  the  soft  knobstone  underneath  the 
Mississippian  limestone  was  reached  it  probably  formed  falls  which  rap- 
idly retreated  headward  and  i>ermitted  proportionally  early  deepening  of 
many  of  its  tributaries.  Throughout  the  central  part  of  the  region  the 
heavy,  resistant,  Mississippian  limestones  form  the  country  rock,  dipping 
westward,  through  which  no  drainage  channels  completely  penetrated.  The 
headwaters  of  Indian  creek  lie  upon  these  rocks  and  nowhere  do  they  cut 
through  them.  In  a  large  part  of  its  course  the  soft  shales,  sandstones  and 
thin  limestones  of  the  Mississippian  formations  form  the  upland  rocks. 
The  result  is  that  Indian  creek  with  long  and  gentle  grade  could  not  com- 
pete with  Clear  creek,  a  branch  of  Salt  creek,  in  deepening  the  channels  of 
Its  headwaters.  In  the  west  part  of  the  region  the  soft  formations  of  the 
upper  Mississippian  and  the  basal  soft  sandstone  and  soft  shales  of  the 
Coal  Measures  or  Pennsylvanian  roOks  form  the  upland.  The  Mitchell  lime- 
stone forms  the  beds  and  basal  part  of  the  bluffs  of  the  streams  in  this 
part  of  the  quadrangle.  Richland  creek  for  the  most  part  lies  in  these  soft 
formations  and  flows  a  short  distance  to  tlie  west  fork  of  White  river  at 
Bloomfield,  reaching  about  the  same  elevation  as  Indian  creek  flowing  twice 
the  distance  to  the  east  fork  of  White  river  north  of  Shoals,  in  Martin 
County.  Richland  creek  being  thus  favored  soon  reducetl  the  valleys  of 
fts  headwaters  below  the  level  of  Indian  creek.  This  left  the  head  of 
Indian  creek  100  to  150  feet  above  the  creeks  on  either  side  and  its  bed 
resting  on  soluble  rocks.  That  is,  Indian  creek  lay  upon  a  table  land  of 
soluble  rocks  with  lower  streams  on  either  side  of  it.  The  divide  between 
Indian  creek  and  Clear  creek  has  been  cut  through  and  removed  much  of 
the  way  just  southwest  of  Blooniington.  Thus  the  headwaters  of  Richland 
creek  northeast  of  Stanford  Station  are  at  a  level  of  080  to  700  feet  above 
tide  and  were  cut  into  the  top  of  the  Mltoliell  limestone  which  dips  west 
from  the  Indian  creek  plain  into  Richland  creek  valley,  while  a  west  branch 
of  Indian  creek  lay  at  an  elevation  of  800  feet  but  a  half-mile  or  a  little 
more  to  the  eastward.    The  divide  between  tlie  two  is  formed  of  the  shales 


»  See  geologic  map  accompanying  2Sth  Ann.  Rep.  Ind.  Dept.  Geol.  Nat.  Res.  1004 
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and  snndBtones  of  tlie  lTi»i>er  Misslsslpplan.  The  result  of  tbis  condition 
was  tliat  the  water  hi  Iho  wt'stern  branch  of  Indian  creek,  a  mile  or  more 
south  of  Blanche,  sank  and  reai)i)eared  In  a  great  spring  in  the  head  of 
Blair  Hollow  a  half-mile  farther  west.  A  similar  thing  occurred  less  than 
a  mile  northeast  of  Blanche  and  again  about  a  mile  and  a  half  farther 
northeast.  These  sinks  are  the  largest,  or  most  extensive,  on  the  quad- 
rangle. As  we  approach  the  heart  of  the  plain  farther  east  the  sinks  be- 
come smaller  and  less  conspicuous,  the  smaller  ones  not  being  shown  upon 
the  map. 

On  the  eastern  side  of  Indian  creek  valley  we  have  large  sinks.  One 
of  these  is  Just  north  of  the  Water  Works  pond.  Here  the  drainage  enter- 
ing the  sink  flows  into  the  pond  through  Stone  spring  a  few  hundred  yards 
farther  south,  entering  the  Clear  creek  valley,  being  diverted  from  Indian 
creek  Into  which  the  surface  drainage  once  flowed.  Southeast  of  this  there 
is  a  large  sink  east  of  the  County  Farm  which  receives  the  drainage  of  a 
large  region  to  the  north  which  normally  belongs  to  Indian  creek  drain- 
ago  but  appears  at  the  surface  as  a  large  spring  in  the  north  side  of  the 
branch  of  Clear  creek  valley  in  the  N.  W.  l  of  Sec.  24,  nearly  two  miles 
south  of  the  sink.  The  large  sinks  south  and  northw^est  of  Ijeonards 
Schoolhouse  have  their  outlet  at  Ixjonards  Mill  by  the  house  in  the  head 
of  the  deep  valley  a  half-rnlle  south  of  the  schoolhouse.  Rags  put  in  the 
upper  sink  are  said  to  reappear  at  Ijeonards  MiU. 

From  the  foregoing  it  will  be  seen  that  the  headwaters  of  Indian  creek 
have  been  diverted  into  Richland  creek  and  Clear  creek  by  subterranean 


Fig.  20.  A  somcwbat  diagrammatic  profile  of  a  section  across  the  valley  of 
Indian  crock  Into  a  tributary  of  Clear  creek  on  the  rlpht  and  tributary  of  Richland 
creek  on  the  left.  The  high  points  on  either  side  of  the  figure  are  the  old  divides 
between  the  three  drainage  basins.  It  illustrates  the  manner  in  which  Indian  creek 
bas  been  robbed  of  its  waters  pouthwrst  of  Illoomington.  The  dip  of  the  strata  has 
favored  Richland  creek. 

piracy.  On  the  west  this  piracy  is  favored  by  the  dip  of  the  limestone  and 
on  the  east  it  has  taken  place  against  the  *11p,  which  is  very  gentle.  The 
sinks  near  the  outh  ts  of  the  underground  streams  are  large,  while  those 
more  remote  and  younger  are  smaller.     The  smallest  are  not  represented 
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on  the  map.    There  is  iiiiother  <n8*»  of  pirat-y  in  tiie  shiks  near  Kirksville 

which  Is  of  the  sauio  tyi)e  as  that  jnst  <le«(Tll)ed. 

Other  forms  of  piracy  ar?  prohably  much  umre  c<minH»ii  than  the  tyiR* 

described.  That  piracy  occiir.^  i)et\veen  adjacent  suliterranejin  streams 
seems  very  probaWe  on  account  of  the  greatly  varying  levels  occupied  by 

them  at  different  times  aiid  different  parts  of  the  same  stream  at  the  same 
time.  This  is  facilitated  by  the  fact  that  cave  streams  ai-e  below  the  level 
of  the  j,'eneral  water  table  and  also  lK»cause  the  falling  of  slabs  from  the 
roi>fs  frequently  clog  the  channels  and  temi>orarlly  1111  the  caves  with  water 
until  further  undergromid  passages  may  l>e  discovered  and  enlarged.  It  is 
lmiK)Sslhie  to  cite  specific  caws  at  present  because  caves  have  not  been  ex- 
plored with  this  objov-t  in  view  and  because  such  cases  will  probably  b^* 
diiiicult  to  recognize  evt^n  under  the  most  favorable  circumstances. 

Cases  v)f  sul)terranean  self-cjipture,  capture  of  one  tributary  by  an- 
other, or  by  the  main  stream  or  the  cai»ture  of  the  main  stream  by  a  tribu- 
tary finding  a  short  cut  through  a  new  cimnnel  are  too  common  to  l)e  dis- 
cussed at  length  here.  A  glance  at  Ilovey's  map  of  Mammi)th  cave  Is  jAifli- 
clent  to  suggv»st  a  most  comjjlcx  a?nl  Intercstii^g  set  of  captures  and  changes 
of  level  for  some  one  to  w<irk  out. 

RI^SIME. 

1.  Kxteiisive  sulitcrranean  ilrainage  Is  <lcvel.^ped  in  interior  regions 
only  when  they  have  been  sufficiently  elevated  to  allow  rapid  dow^nward 
movement  of  the  ground  w*ater  and  its  easy  access  to  drainage  lines  con- 
siderably below  the  general  level  of  the  lan<l  Kurfact*. 

2.  The  conditions  besc  facilitating  su])tcrraman  drainage  are  regions 
well  elevated  with  relatively  impervious  soluble  rr»cks,  well  jointed  and 
thinly  bed<led. 

.'5.  In  regions  of  low  elevation  tlie  sinks  may  be  largely  collapse 
sinks,  and,  In  soft,  porous  rocks,  the  channels  rather  irregular. 

4.  Tlie  cycle  of  underground  drainage  may  be  stated  as  follows:  Ii 
begins  with  surface  drainage  and  In  Its  youth  develops  subterranean  drain- 
age near  the  i)oints  of  easy  escaj^e  for  the  water.  In  its  maturity  there  is 
the  maxlnunn  of  subterranean  <lralnage  and  the  lower  parts  of  the  caverns 
have  begim  to  retreat  by  c(»llapSe  while  in  the  uppermost  reaches  of  the 
stream  the  transformation  from  surface  to  subsurface  drainage  may  still 
be  in  progress.     Old  age  is  shown  by  the  more  general  condition  of  col- 
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lapse  ami  the  return  to  surface  drainage.  Briefly,  It  may  he  stated  that 
the  cycle  is:  surface  drainage,  partial  subterranean  dralnajxe,  and  a  re- 
turn to  surface  drainaj^e.    The  final  state  is  i>eneplM nation  or  base  leveling. 

5.     In  youth  and  maturity  nearly  all  the  slides  are  solution  sinks. 

().  In  old  age  many  of  the  sinks  are  formed  by  collapse.  Solution 
sinks  may  finally  be  transformed  into  sinks  of  collapse. 

7.  Surface  streams  resting  on  a  plain  of  soluble  roclvs  with  streams 
at  lower  levels  bordering  them  may  have  their  waters  diverted  by  subter- 
ranean capture. 

8.  Piracy  i)rol)al>ly  takes  place  between  subterranean  streams  and 
between  parts  of  (he  same  stream. 

Bloomington,  Indiana. 


neforencos  to  tli^  "early  plolslfKU'iie"  poii(>|)lnin  In  this  paper  should  road  "late 
tertiary  (?)/'  since  the  cycle  was  inlerrui)ted  at  about  the  dose  of  the  tertiary  or 
beginning  of  the  pIeh:tocene  period. 
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Fig.  21.  Hamers  Cave  oast  of  JIUclirll.  Ini 
hcB  the  supply  For  th<!  (wo  Lpblgli  cement  plan 
■  orprflow  from  the  dam.     Wfllrr  iildipr  than  ii 


fig.  22.     The  " 


ilBC.1  to  tlij  surfa. 
Co  tbe  rlgbt  uad  li 
and  finally  rejoin  CI 


cfcnnnels  of  the  river.  The  sp 
naler  shown  In  the  torceround. 
rlianni'I  and  torcing  Hie  n'oter 
ririiimd  i>i'  ihriiiish  (lie  alMlrui^M 


ill"  of  iMBt  rivtr  aliovp  il«  oullol  iit  Orangevlllc.  The  wnlOi' 
Bt  tlie  right  of  the  mlddtegroiind  of  the  picture  and  flows 
t,  foimlng  two  streams,  for  a  very  shtirt  distance  which  sink 
:  subterranean  cbannsl.  Tbe  little  pood  oa  tbe  left  side  of  the 
!  places  where  the  water  sinks.  JuKt  above  tbe  heads  nf  the 
hacksrourd  Is  a  large  euro,  one  of  the  abandoned  subterranean 
rond.  or  present  channel  Is  considerably  below  the 
Here  a  larxc  area  has  collapsed  blocking  the  lower 
to  the  surfaee,  when  It  again  finds  new  channels 
rm  til  [C'4  mitln  ehannel  again  In  which  It  contlDiies. 


ollniiHO   sink  whi!r 


inapt  and  forcing  the  Ktri'am  tu  Uic  tiiirriLCC — -care  on  tbc  left^tn 
:    teet   In  dlnincter.      It  fills  Uii-  duprcsRloD    focmcily  occupied   by    t 
ter  and  "Biers  sIqIib  In  the  Immfdlntf  tiirpRround  to  Its  channel  b«l 


llapscd,  lllllnR  ttie 


Fig.   20.     A  dtngrammnlic  figure  Itliistraling  ihF  urlgiD  of  Phantom  lake. 


Hg  2H  Lcfflir  T»ln  lan  diapl  I  S|n»m-  lai  >  1  mklnj,  11  uh  II  ic  lii.> 
root  collapsoil  Ht  n  riKlit  itnt:lpd  nirn  In  IN  niiiisi  nbirc  It  appears  tn  bavc  becu 
]o[D«iI  by  anollipr  aie  from  (]il  soutli  Tlip  location  of  &  sink  here  caused  a  col- 
lapip  Rlrollar  to  tbi-  j>ri  odini:    aso      ThG  niilcr  'irmcrlf  flowed  from  (be  upper  cave 


Kinks  lour  mllFS  H-cst  ot  BroomiDgloD. 

Fleutea    a,    7.   8,    10.    1^,    i:i,    14,    17,    13,    21,    23,    X(J.    hi,    32,    rm 
Ciimfng's  negatlvea. 


The  Shishi  Qia. 


Among  the  QuJIeiitc  Indlima  ur  tlip  Olfmiilc  rmiliiHiiln,  WiislthiKl"». 
tliu  little  tota  Troni  four  to  twelve  yeiire  ut  nge  <liiin.-o  n  dniice  cnllwl  tlie 
Shislil  gig.  What  Bignlflcance  tiiorc  niny  Iw  In  tlie  imuie  la  unknown.  lis 
this  dance  the  participants  get  tlicir  bodies  Into  u  stooped,  altuust  sitting 
position  and  thea  dance  a  vigorous  forward  dunce,  as  is  shown  In  the  ac- 
companying cut  At  feasts  and  od  siieclal  dance  occasions,  a  prize  Is  given 
to  the  child  who  can  dance  the  longpst  In  tliia  seini-slttlDg  position.  Sides 
are  tnl;en  and  coaches  cheer  their  respective  aspirants  ou  to  get  them  to 
tet'ii  np  the  dancing.  At  these  times  the  excitement  runs  high.  The  dance 
is  an  a  ni  using  sight 


SIIISHI  GIG  DANCE. 
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Notes  on  the  Shaker  Church  of  the  Indians. 


Bv  Albert  B.  Ukacjan. 


(Continiiod    from    paj^o    71,    Proceedings.    Indiana   Academy   of    Science,    1908.) 

The  Shnker  Indians  of  the  West  Coast  are  now  taking  steps  to  in- 
corporate the  Shaker  faitli  in  an  organized  chnrch.  Judge  Giles  of  Olym- 
pia,  Washington,  is  now  working  up  the  articles  of  incorporation  for  the 
Indians.  Soon  they  will  have  an  organizeil  chnrch,  a  church  by  Indians 
and  for  Indians  only.  Temperance  is  their  watchword;  and  healing  the 
sick  through  prayer  and  laying  on  of  hands  and  "shaking"  over  them  is 
one  of  their  tenets.  The  church  about  to  be  Incoriwrated  is  copied  in  part 
from  several  denominations,  besides  Imbibing  the  doctor — "tomanawls'*  be- 
liefs of  the  old  times  including  a  part  of  the  "tomanawis"  ceremonies.  The 
Ki)iscopal  church  furnishes  the  idea  of  chanting  prayer8\  The  Catholic 
church  furnishes  the  custom  of  burning  candles  during  the  service  and  the 
rhl  custom  of  making  the  sign  of  the  cross  and  the  bowing  of  the  knee 
when  *'Jesus-Man"  is  mentioned.  The  shaking,  body-jerking,  the  contor- 
tions, the  muscle-quivering,  the  wried  face,  and  the  hypnotic  influence  are 
derived  from  the  shaman Istic  customs  of  the  old  times.  Hypnotism  and 
shamanistic  lnl1uen<*e  In  general  are  the  leading  iK)wers  and  are  the  tilings 
which  actuate  the  Indian  to  perpetuate  the  religion. 

In  talking  with  a  "sliaker,*'  he  will  always  tell  y«iu  he  has  felt  the 
**l)Ower"  and  that  is  why  he  shakes  so  hard.  "It  is  the  power  of  God  tak- 
ing hold  of  him  tliat  makes  him  shake,"  he  attirms.  From  the  start  it 
was  my  opinion  that  the  "i)ower"  the  shakers  felt  when  shaking  is  hyi)- 
notism.  To  satisfy  myself  I  went  in  amimg  the  actors  several  times.  At 
once  I  could  feel  the  "power."  There  was  no  mistake  about  it.  I  had 
often  felt  the  same  "power"  at  the  old  style  medicine  singings  and  dances 
from  the  Pueblo  and  Apache  country  to  the  land  of  the  Norman  Lion. 


*  The  chanted  "doxology"  in  the  church  lan^^ua^o  of  tiie  Shakers  is: 
*'Kwax    tsnalis    maliah'    stee    Etah    nah'    stce    tali'    tsohn    tohs    pray'    kloh 

maliahs'  stee  stah'." 

Note. — The  "stce"  above  is  pronounced  as  though  the  first  two  letters  were 

medium  between  "s"  and  '*t,*'  ranging  between  **st"  and  "ts"  in  pronunciation. 
The  accented  words  are  much  prolonged. 
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The  power  was  undoubtedly  hyimotisin.  The  sensation  produced  was  evi- 
dently that  of  hypnotic  influence. 

Once  while  I  was  attending  one  of  these  shaker  meetings  one  of  the 
actors  was  hypnotized.  This  was  February  16,  1909.  He  had  l)een  stand- 
ing with  hands  extended  outward  and  upward  for  more  than  an  hour 
while  the  shakers  were  dancing  around  him  like  the  waves  surging  around 
a  rock  at  sea  in  a  stormy  time.  He  was  a  novitiate  at  least  for  that  night 
He  was  trying  to  get  the  "power."  He  got  it.  He  jumped  up  and  down 
and  stamped  the  floor  in  a  circular  movement,  then  for  some  minutes  while 
his  hands  whirled,  gyrated  and  his  muscles  quivered  and  jerked  in  a  horri- 
ble manner.  So  hard  did  he  stamp  that  he  broke  a  hole  through  the  floor. 
Soon  he  threw  his  hands  up  over  his  head  and  fell  heavily  to  the 
floor.  As  he  did  so  his  muscles  quivered  as  though  he  were  in  the  dying 
stage.  His  flesh  then  became  rigid.  At  this  climax  his  pulse  ran  down 
to  57;  five  minutes  later  it  was  up  to  60.  Then  as  the  spell  was  being 
broken  twenty  minutes  later,  it  ran  up  to  76.  The  si)ell  lasted  forty  min- 
utes. Some  of  the  Indians  were  scared,  thinking  the  novitiate  was  dying, 
and  ruslied  out  of  the  hall.  The  performance  over  him  was  a  complete 
hypnotic  perfo nuance.  The  usual  mode  of  removing  hypnotic  power  was 
used.  Hands  were  rubbed  down  his  body  and  then  the  power  thus  gathered 
would  be  hurled  to  the  four  winds  by  a  slapping,  vigorous  sliding  of  the 
hands  across  each  other.  When  the  "imwer"  was  removed  so  that  con- 
sciousness was  restored,  the  novitiate  enterod  the  dance  vigorously  again. 

Effect  of  Shakerism  uixm  the  actors :  The  terrible  shaking  that  has 
beiTi  mentioned  liere  and  in  the  previous  article  is  boiuid  to  undermine  the 
health  of  any  person  who  will  participate  in  it.  Besides,  the  heating  up 
of  one's  self  as  is  done  in  the  shaker  halls  and  then  the  going  out  of  doors 
immediately  afterwards,  tend  to  the  giving  of  colds  to  the  participants, 
esi)ecially  in  the  winter  months.  This  undoubtedly,  will  lead  to  pneu- 
monia, consumption  and  death  to  many.  Again,  the  horrid  wrying  and 
contortitig  of  the  faces  will  cause  them  to  be  wrinkled  prematurely. 
The  muscle-quivering,  and  the  hypnotic  influence  is  bound,  also,  to  have  a 
damaging  effect  upon  the  nerves  and  mind  of  the  actor;  this  dance  is 
kept  up  all  day  every  Sunday  and  from  three  to  four  hours  every  Thursday. 
Furthermore,  in  the  doctoring  of  the  sick  the  shakers  are  fanatical  in  the 
belief  that  shaking  over  the  patient  will  cure  it.  "All  shake — no  medicine" 
has  killed  many  an  Indian  and  wiU  ip  t,iu^e  decimate  th^  tvil)^  holding 
such  beliefs. 


■  TuE  Wreck  of  the  "Sutiirbn." 

By  Albebt  B.  Reacan. 

About  ISOO  n.  revenue  iniUei'  (?),  tlit  "Sutlieni'  wjis  diimtiged  fit  sen 
lii  II  Bturm;  nnd,  to  Knve  the  ei-ew,  tiie  cniitnlo  r;iii  tlie  vesFiel  iiBliore  In 
ttio  old  nioiitb  of  llie  (liillhiyiite  River  iienr  nlint  Is  ii'w  tlie  Imllaii  vlllndo 


of  I-iil'iisl],  W.iRhiiigtoii.  Jmnieiiiatfly  ou  i,'i'"ii>i*liiiK,  I'ip  vessel  wiis  takt-n 
IHtesession  of  by  tUe  Qulloute  (,QHilliiyiile)  Iiidiniis.  Tiie  snv;iges  l>oarJe(l 
her  and  emptied  her  supply  cargo  into  the  sen.  The  dried  fruits  and  the 
flour  tliey  knew  not  how  to  use  as  they  hnd  never  seen  sudi  things  before. 
So  Ihey  emptied  tlie  frnit  c)verhonrd  to  «et  the  iirdly  boxes.  They  nls" 
pouriil  iho  tlour  hitii  the  sufkI'I;;  surf  lh:it  Diey  nii^hl  iict  the  s)i<-ks  to  iniiUe 
Into  clothes.  T^e  luoiivy  <it  the  shi]i  also  fell  Into  their  hands.  It  was 
gold.    They  hnd  never  seen  t'old  hefore.    They  knew  not  Us  value  or  pur- 
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pose.  So  they  rolled  the  double  eagles  around  on  the  beach  and  used  them 
as  disks  In  their  gambling  games.  They  also  made  prisoners  of  the  crew ; 
and  for  a  time  all  were  ill  treated  very  much.  Finally,  Chief  Howeattle, 
who  was  up  the  river  at  the  time  of  tlie  capture,  compelled  the  Indians 
to  release  them.  By  this  time  the  storm  had  pounded  the  vessel  beyond 
repair.  At  that  time  there  was  no  communication  from  the  Olympic 
peninsula  with  the  outside  world.  So  Chief  Howeattle  had  houses  built 
for  his  now  guests.  He  also  furnished  !he  houses  as  best  he  could  with 
his  meager  means.  He  also  gave  the  single  men  of  the  crew  Indian  wives 
that  they  might  be  more  c-ontented  in  their  forced  home;  two  of  his  sis- 
ters married  members  of  the  crew.  For  a  considerable  time  the  strangers 
were  compelled  to  stay  there.  At  last  a  note  was  got  out  to  civilization 
by  an  Indian  messenger;  and,  finally,  they  were  rescued  by  another  gov- 
ernment boat  and  tal^en  to  their  respective  homes,  the  men  leaving  their 
Indian  wives  behind  with  their  own  people. 

Time  passed,  and  years.  Finally,  another  government  vessel  hove  in 
sight.  It  anchored  in  the  bay  and  from  it  ufany  i)rcseuts  "from  the 
Father  in  Washington"  and  the  white  i)eople  who  had' been  stranded  there 
were  brouglit  ashore  and  given  to  the  good  chief  and  relatives.  The  gov- 
ernment also  built  Chief  Howeattle  a  house  and  put  a  brick,  fireplace 
in  it  for  his  saving  the  people  of  this  vessel.  They  also  furnished  the 
house  for  him.  But  Mr.  Howeattle  was  not  permitted  to  enjoy  his  present 
long.  A  fire  burned  it  to  the  ground.  He,  liowever,  had  the  satisfaction 
of  knowing  that  he  had  the  good  will  of  the  white  people  and  that  he  had 
done  right. 

The  wreck  of  thif*  old  vessel  can  still  be  seen  at  I^aPush.  In  summer 
it  Is  covered  with  sea  wash ;  but  in  winter  the  waves  carry  the  sand  far 
out  to  sea.  Then,  there  exposed  to  view  are  the  "irons"  to  remind  one  of 
the  days  of  the  wreck  in  tliat  long  ago  and  the  change  that  has  come  over 
the  country  and  the  aborigines  uluva  that  time, 
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Effect  of  Ice  in  Lake  Upon  the  Shore  Line. 


By  Albert  B.  Reagan. 


On  oouiiiig  to  northern  Minnesota  last  year,  I  visited  several  Ishuuls 
in  Pelican  T^ake  near  Orr,  in  St.  Louis  County.  The  country  in  that  region 
is  very  stony,  mostly  boulc^rs  of  glacial  origin.  Around  the  borders  of 
several  of  the  Islands,  especially  the  low  islands,  there  was  a  ridge  of 
cobble  stones  and  boulders,  sometimes  almost  assuming  the  form  of  a  stone 
fence.  It  struck  my  curiosity.  It  was  spring,  however,  before  I  had  solved 
the  mystery.  At  the  breaking  up  of  the  Ice  in  the  lake,  a  strong  soutliwest 
wind  drove  the  ice  upon  the  islands  on  the  wind-exposed  sides  to  a  height 
of  over  twelve  feet  in  one  case,  a  literal  glacier  being  shoved  inland.  The 
ice  being  thus  shoved  forward  and  piled  up  on  the  land,  shoved  the  loose 
rock  of  the  shallow  lake  next  the  island  inland  so  that  the  "moraine"  thus 
formed  was  the  stone  wall  I  had  noticed.  It  might  also  be  added  that 
some  of  the  scratchlngs  on  shore  rocks  of  lakes  in  this  northern  region 
may  be  due  to  the  same  local  action. 


{''■^ 
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The  Boise  Forte  Indian  Reservation  in  Minnesota. 


By  Albert  B.  Ukagan. 


The  Bois(o)  F<»rt(e)  Chipiiewa  Indians  live  in  nortliern  Minnesota 
on  a  reservation  of  tlie  same  name  surnauulin;?  tlic  biMUtifnl  Nett  Lake. 
Tlie  reservation  covers  one  wlmle  township  and  eiglit  f motional  townships. 
Its  eastern  part  is  in  St.  Lonis  Connty,  the  hnlk  of  it  in  Koochiching 
County.  It  conlains  a  total  of  10n,.SG2.7,'5  acres,  exclnsive  of  the  area  of 
the  lake.  Of  this  area,  55,04(1.4:5  acres  are  allotted  to  OIKJ  Indians,  4S,21G.- 
.*{0  acres  remain  uhallotte*!,  and  484.04  is  reserved  for  apency  and  school 
l)uri)oses.  Of  the  4S,210.(50  acres  nnallotted  much  of  it  lias  been  reserved 
l)y  the  Go^ernmont  as  pine  lands  and  from  time  to  time  the  timber  on 
[jarts  of  the  said  lands  has  beiMi  sold  under  sealed  bids,  the  closing  out 
sale  ocimrring  September  15,  this  year.  In  all  the  timber  on  0,.'i33.70 
acres  has  been  sold,  '^,2'S^.11  I)cing  sold  Soptembi»r  15,  0,209.0.3  having 
l)een  sold  previously.  The  other  luiallotted  lands  will  be  subject  to  settle- 
ment as  homestead  lands  in  the  near  future.  There  will  also  be  something 
like  30,000  acres  Of  Inherited  Indian  lands  to  be  sold  within  the  next 
two  years. 

Nett  Lake  is  in  the  east  central  part  of  the  reservation.  It  is  ftiore 
than  half  a  township  in  area.  It  is  in  the  shai>e  of  a  giant  lobster's 
hand  with  the  claws  pointing  eastAvard,  the  large  claw  l)eing  the  north 
digit.  The  lake  is  shallow  and  has  a  mud  buttom.  It  is  a  rice  field  and 
a  duck  pond  combined.  In  summer,  it  looks  like  a  vast  wheat  field.  In 
the  fall  it  swarms  with  ducks  and  consequently  is  a  sporting  center  for 
the  hunters  of  all  this  northern  country. 

The  lands  included  in  the  reservation  are  well  timbered.  The  princi- 
I>al  species  represented  arc  white  and  Norway  pine,  spruce,  cedar,  elm, 
Cottonwood,  oak,  birch,  and  i>oplar.  The  latter  two  are  the  most  abundant 
and  will  be  of  value  some  day  as  pulp  wood. 

The  land  of  the  reservation  is  very  variable  in  condition  of  soil  and 
possible  fertility.  One-half  of  it  is  swamp  and  is  known  to  the  Indians 
as  "Muskeg'*  lands.  Over  this  area  there  is  a  stratum  of  peat  from  six 
inches  to  five  feet  in  thickness.     When  once  drained  this  will  be  the  best 
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land  111  the  country.  Tbe  non-swanii)  eastern  part  of  the  reservation  Is 
oonii)osed  of  rock-ridges  tianlced  with  lower  land.  These  lower  stretches 
are  clay  flats  covered  with  black  loam.  On  them  grow  birch  and  poplar 
forests;  and  when  cleared  they  will  make  fine  farms  of  the  dairy  tyi)e. 
Roots  and  grass  do  well  on  such  lands.  The  ridge  lauds  are  the  pine  lands 
and  will  not  be  of  much  value,  except  for  building  sites  and  orchard  loca- 
tions. 

The  western  part  of  the  reservation*  that  is  not  covered  with  "mus- 
keg" swamp  is  a  sand  region.  On  it  grew  much  pine  in  the  old  times; 
but  when  cleared  it  will  be  practically  worthless,  as  is  some  pine  lands 
east  of  the  south  lobe  of  the  lake. 

'Hie  region  about  Little  Fork  River  is  In  the  southwestern  part  of  the 
re5*ervation.  It  will  make  good  farm  land  when  cleared.  Some  open  areas 
are  flue  meadows  now. 

The  surface  material,  except  that  on  the  ridges,  wa^  left  on  the  re- 
treat of  the  glaciers.  Its  depth  varies  from  nothing  on  the  ridges  to  200 
feet  in  the  pre-glacial  Intervalley  spaces.  The  irre^iiar  dumping  of  this 
material  and  the  partial  filling  of  ancient  valleys  has  produced  the  lakes 
of  the  country.  In  composition,  this  material  varies  very  much.  In  the 
eastern  part  of  the  reservation  It  is  composed  princli)ally  of  ground  mo- 
raine material — a  blue  clay  filled  with  bouldei*s.  Some  of  these  are  found 
to  be  of  local  origin ;  others  to  have  been  transported  from  a  region  far  to 
the  north.  At  other  places  on  the  reservation,  the  formation  appears  to 
be  practically  pure  sand.  On  the  rock  ridges  the  glacial  debris  is  entirely 
wanting,  but  instead  the  exposed  rocks  show  the  glacial  scratchlngs. 

The  climate  is  very  changeable  in  this  part,  ranging  from  102  degrees 
above  ssero  in  summer  to  00  degrees  below  In  winter.  The  average  summer 
Is  too  cool  for  corn,  and  wheat  has  never  been  tried.  Oats  does  fairly 
well. 

The  Indians  have  been  allotted  nearly  twenty  years;  yet  not  one  of 
them  has  ever  made  any  effort  to  imi)rove  his  allotment.  As  yet  there  Is 
little  Inducement  for  them  to  improve  them.  There  is  no  market  where 
they  could  sell  their  produce.  Furthermore  it  would  cost  $100  per  acre 
to  clear  the  land,  which  is  rather  a  big  undertaking  for  a  poverty-stricken 
Indian.  In  addition,  there  Is  rice  ajrowing  In  the  lake  and  i)lenty  of  game 
in  the  woods  and  water  fowl  among  the  rlc»»  in  the  lake.  Why  8hoi^)4  h^ 
labor  j:o  cl^ar  his  landy 
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Below  is  a  siirfac*e  map    of  the  reservation,  sliowiug  the   foriuatious 
as  they  occur.     (The  original  country  rcK'k  is  not  shown.) 


,    YloYlk 


MAP  OF  THE   BOIS   FORT    INDIAN   RESERVATION    IN   MINNESOTA. 

The  dotted  areas  are  swamp,  or  *'Muskeg."  to  use  the  Indian  term.  "R"  stands 
for  rock  ridge.  The  other  kinds  of  land  are  deslf^nated  on  the  map.  Any  one  exam- 
ining this  map  could  not  blame  the  Indians  for  petitioning  the  Honorable  Commis- 
sioner to  have  lion  lands  allotted  to  them  for  their  swampy  allotments. 
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Conservation  Problems  in  Indiana. 


By  Fredkbick  J.  Breeze. 

When  the  organized  movement  toward  the  conservation  of  natural 
resources  beg^an  with  the  White  House  Conference  of  Governors  in  190S, 
very  little  attention  was  given  It.  But  wide  publicity  was  given  to  the 
new  undertaking,  and  because  of  the  people's  faith  in  the  Integrity  of  pur- 
pose of  its  leaders,  Roosevelt  and  Pinchot,  the  movement  met  with  very 
general  favor  and  enthusiasm.  We  had  already  seen  the  essential  princi- 
ples of  conservation  successfully  applied  in  the  management  of  the  Fed- 
eral forests  and  irrigation  enterprises.  Not  only  did  the  conservation 
movement  stand  out  against  the  useless  destruction  and  waste  of  natural 
resources,  but  also  against  the  century-old  policy  of  the  government  almost 
giving  away  Its  great  resources  of  forests,  water  power,  and  minerals  to 
corporations  which  were  becoming  gigantic  moi^opolies.  At  once,  conserva- 
tion became  a  scientific  and  economic  problem.  The  rapid  reforms  that 
followed  the  agitation  for  conservation  struck  terror  to  the  monoi)olles  and 
Individuals  who  were  getting  control  of  our  great  national  possessions; 
and  conservation  has  been  compelled  to  fight  against  the  crafty,  powerful 
and  insolent  onslaught  of  certain  vested  interests.  The  history  of  the  past 
year  is  primarily  a  story  of  this  struggle.  The  fight  Is  by  no  means  over ; 
but  the  National  Conservation  movement  has  gained  some  very  decisive 
victories,  and  today  conservation  enjoys  a  very  marked  degree  of  popular- 
ity. Already  the  close  observer  can  see  the  tendency  of  certain  classes  of 
men  to  eagerly  support  the  conservation  i)ollcles  in  order  to  secure  public 
favor  for  themselves.  Other  well  meaning  people  are  Insisting  on  becom- 
ing leaders  of  the  movement,  whose  enthusiasm  surpasses  everything  except 
their  deplorable  ignorance  of  conservation  itself. 

In  view  of  the  recent  beginnings  of  conservation  activity  In  our  own 
State,  It  may  be  well  to  briefly  recall  to  your  minds  some  of  the  conserva- 
tion problems  of  Indiana. 

Two  natural  resources  are  almost  entirely  dei)leted,  our  great  virgin 
forests  and  natural  gas.  While  the  removal  of  our  forests  was  necessary 
for  agriculture  and  the  demand  for  lumber,  yet  It  must  be  admitted  that 
deforestation  has  taken  place  to  a  greater  extent  than  the  actual  needs 
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of  ngrlcnliuro  called  for.  TIu*  crlinlnjil  wiisto  of  nniural  gas  fs  quite  r*^- 
cent  history;  and  the  industrial  consequences  of  its  failure  are  painfully 
evident  In  the  manufacturing  cities  of  the  gas  i>elt. 

Our  natural  gas  and  primeval  forests  belong  to  the  past  and  are 
things  therefore  beyond  the  help  of  any  conservation.  But  we  have  a 
great  wealth  of  natural  resources  which  need  our  most  careful  attention. 

Present  Forests. — Our  existing  forests  are  made  up  of  limited  areas  of 
primeval  forest,  and  second-growth  timber  of  infefior  quality  on  our  stream 
bluffs  and  other  waste  lands,  and  In  the  fafmers'  wood  lots.  In  the  mat- 
ter of  afforestation  there  must  be  au  improvement  in  the  character  of  the 
growhig  trees  in  the  wood  lots,  which  can  only  be  brought  about  by  scien- 
tific forestal  methods.  Each  farmer  must  be  as  competent  In  tree  growing 
as  in  com  and  wheat  growing.  In  southern  Indiana  aud  along  the  streams 
of  northern  and  central  Indiana  we  have  a  large  combined  area  of  land 
too  steep  for  successful  field  culture;  and  for  the  sake  of  soil  protection, 
and  for  future  lumber  supply,  these  tracts  should  be  kept  in  perpetual 
forests.  In  this  matter  of  forests  uiwu  non-agricultural  lands,  there 
should  first  be  a  careful  survey  of  such  lands  in  order  to  form  an  accurate 
esilmale  of  the  total  area,  and  to  determine  what  species  ot  trees  are  best 
adapted  to  make  a  rapid  growth  of  valuable  timber.  It  seems  quite  safe 
to  say  that  the  present  woodland  areas  are  of  sufficient  acreage  to  meet 
all  the  needs  for  lumber  within  our  own  State,  if  the  quantity  and  quality 
of  timber  grown  will  be  what  it  should  Ik*. 

Soil  Fertility. — ^The  most  valuable  natural  resource  of  our  State  is 
its  soil,  and  the  maintenance  of  its  fertility  Is  of  paramount  Importance. 
The  loss  in  fertility  due  to  poor  agricultural  methods  is  beginning  to  be 
keenly  felt.  The  loss  due  to  soil  erosion  in  southern  Indiana  was  ably 
presented  in  the  Presidential  address  of  two  years  ago. 

Sewage  Pollution. — No  conservation  program  can  ignore  the  problem 
of  keeping  the  state  waters  pure.  Our  streams  must  bo  brought  back  to 
their  original  purity.  As  our  population  becomes  more  dense,  the  need  of  a 
pure  water  supply  becomes  greater,  aud  It  becomes  imperative  that  we 
stop  polluting  our  streams  with  sewage.  The  turning  of  sewage  and 
factory  wastes  Into  our  streams  is  not  only  vicious  from  the  standpoint 
of  sanitation  and  aestlietics,  but  the  carrying  of  sewage  to  the  sea  is  a 
waste  of  certain  elements  of  soil  fertility  which  should  go  back  to  tlie  'and 
Instead  of  being  lost  in  the  ocean. 
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Coal  Deposits  and  Other  Mineral  Wealth. — In  the  matter  of  coal 
mining  there  must  be  a  steady  Insistence  that  wasteful  methods  of  coal 
mining  must  stop.  In  the  mining  of  the  best  veins  of  coai,  the  layers  of 
lesser  value  are  left  In  such  a  condition  that  their  removal  in  the  future 
win  be  almost  Impossible.  The  securing  of  large  dividends  In  the  mining 
industry  must  not  be  at  too  serious  a  sacrifice  of  the  future  supply  of 
coal.  There  also  can  be  an  enormous  saving  effected  in  the  consumption  of 
coal  for  heat  and  power  by  the  general  adoption  of  appliances  for  complete 
combustion. 

Water  Poxcer. — In  this  State,  water  i)ower  is  practically  an  undevel- 
oped resource  which  is  yet  the  property  of  the  whole  commonwealth  and 
from  the  very  nature  of  flowing  water  is  not  subject  to  private  ownership. 
It  is  an  outrage  that  our  State  laws  enable  Individuals  or  corporations  to 
get  the  control  and  profit  of  the  available  power  of  a  stream  simply  by 
purchasing  a  i>ower  site  and  building  a  dam,  without  giving  to  the  State 
one  cent  of  revenue.  There  can  be  no  more  imiwrtant  thing  in  the  con- 
servation  program  than  to  insist  on  the  passage  of  laws  that  will  clearly 
establish  the  principle  that  water  power  belongs  to  the  State,  and  that  will 
provide  for  the  leasing  of  water  power  rights  for  a  definite  term  of 
years  at  a  rental  that  will  be  fair  to  the  power  company  and  to  the  people 
of  the  State. 

Conservation  of  Public  Health. — The  campaign  for  public  health  has 
been  carried  on  so  efficiently  by  our  State  Board  of  Health  under  the 
leadership  of  Dr.  J.  X.  Hurty  that  it  is  not  necessary  to  do  more  than  sug- 
gest that  this  phase  of  conservation  must  always  be  of  the  very  greatest 
importance. 

Scenic  Beauty. — Anotlier  phase  of  conservation  should  be  the  preserv- 
ing of  the  natural  beauty  of  the  State.  More  and  more  will  our  State  be- 
come crowded  with  artificial  features;  and  the  desire  for  beautiful  natural 
features  will  be  corresiKnidingly  greater.  We  must  insist  that  the  betiuty 
of  streams  and  hillside,  t»ves  and  flowers,  and  songs  of  birds  are  worth 
while,  and  that  the  future  development  of  our  resources  shall  not  destroy 
these  things.  I  hoije  that  the  State  Federation  of  Clubs  will  make  this> 
subject  its  chief  (Conservation  activity. 

ConwrratiMi  Organizations. — Within  the  last  few  months  we  have 
seen  the  formation  of  organizaticms  to  do  special  work  along  lines  of  con- 
serva^on.     Th^  valine  of  th^se  bodjes  >yill  depend  very  lar^el^  upon  th^ 
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ability  and  fitness  of  the  leading  members  to  be  leaders  In  conservation. 
Any  organization  that  expects  to  ol^tain  and  hold  the  support  of  the  people 
of  the  State  must  have  as  its  leaders  the  men  who  are  engaged  in  scientific 
work  in  soils,  waters,  forests,  public  health,  and  kindred  subjects.  Any 
association  to  conserve  or  develop  a  natural  resource  must  be  conspicuous 
in  having  as  its  leaders  men  who  have  first-hand  knowledge  of  the  natural 
resources  involved;  and  not  be  conspicuous  by  the  absence  of  such  men. 
It  must  always  be  kept  in  mind  that  the  most  important  conservation  work 
must  be  done  by  the  farmers,  and  that  no  organization  which  is  promoted 
l)y  a  self  appointed  leader  can  win  the  attention  or  co-operation  of  the 
workers  in  whose  iinnds  must  rest  tiio  burden  of  real  and  enduring  con 
servation. 

fiiate  Agcneics, — T>ot  us  not  f;irgel  tliat  we  have  permanent  govern- 
mental departments  whose  work  is  along  important  conservation  lines, 
such  as  Geology  and  Natural  Uesonrces,  State  Board  of  Forestry,  State 
Hoard  of  Health,  etc.  AVe  should  see  to  it  that  the  people  have  a  chance 
to  become  better  acquainted  with  the  splendid  .rork  of  these  scientific  de- 
partments. Their  usefulness  is  limited  only  by  the  amount  of  money  ap- 
propriated for  their  use.  We  can  do  no  better  work  than  to  insist  that 
these  conservational  agencies  of  long-tried  efficiency  be  given  more  money 
in  order  that  they  may  render  still  better  servitv  to  the  State. 
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Crustacea  of  Winona  Lake.^ 


By  John  Ia  IIousr. 


Two  hydi'ographic  inat^s  of  Winona  Lake  with  descriptions  have  been 
imblished;  one  by  Large  (Proc.  Ind.  Acad.  Sci.,  1901)  and  another  by 
Norris  (Proc.  Ind.  Acad.  Scl.,  1901).  Tlie  lake  is  situated  in  Kosciusko 
County,  Indiana,  about  one  mile  southeast  of  the  city  of  Warsaw.  It  is 
irregular  in  outline  and  has  an  average  length  of  about  one  and  one-eighth 
miles  north  and  south  and  an  average  width  of  nearly  three-fourths  of  a 
mile  east  and  west  with  a  large  bay  extending  westward  from  the  north 
end.  There  is  comparatively  only  a  small  amount  of  shallow  water  in  the 
lake  as  the  bottom  slopes  off  rapidly  from  the  shores  and  reaches  a  maxi- 
mum depth  of  eighty-one  feet. 

The  fresh  water  Crustacea  are  well  represented  in  this  lake  both  in 
variety  of  forms  and  in  number  of  individuals.  It  is  not  probable  that 
this  list  enumerates  all  the  species  to  be  found  here. 

The  material  for  this  report  was  collected  during  the  mouths  of  July 
and  August  of  1908  and  1909  in  connection  with  the  work  of  the  Indiana 
University  Biological  Station*  Many  thanks  are  due  to  Dr.  C.  H.  Elgen- 
mann,  Director  of  the  Station,  for  the  many  courtesies  and  suggestions 
received. 

The  Entomostraca  were  taken  at  about  all  hours  of  the  day  and  night 
by  means  of  the  tow  net,  dip  net  and  by  pumping.  The  day  catches 
showed  very  few  forms  near  the  surface  even  on  cloudy  days,  but  they 
were  abundant  near  the  surface  from  one  to  two  hours  after  sunset  until 
about  sunrise.  The  nauplius  fonns  were  not  numerous  at  the  first  of  July, 
but  became  more  abundant  as  the  season  advanced. 


^  CoDtribiitions  from  tbc  Zoological  I^iboratory  of  Indiana  Univorsity,  No.  118. 
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The  following  list  liifliidos  the  s|>ecles  that  have  Iwen  identlded 

C.BUSTACEA. 

Sub-Class  Phylloiw^da. 
Order  Cladoeera. 
Sididte. 

SIda  crystallina  Mueller. 
Pseudo-sida  trideuta     Ilerrlck 
Daphnella  excisa    Sars. 

Dai)hnidje. 

Ceriodaphnia  reticulata    Ilerrlik. 
Ceriodaphnia  seltula    Ilerrlck. 
Ceriodaphnia  lacustris    Birge. 
Scnipholeberis  niucroiiata     Mueller. 
Simoeephalus  vetulus  Mueller. 
SIniocephalus  serrulatus    Koeh. 
!  Dapbnia  minnehaha    ForlK?s. 

Daphnia  retrocurva     Forbes. 
Daphnla  pulex    DeGreer. 
I>aphnla  hyalina     Leydig. 

Bosnilnida). 

Bosmina  coniuta     Jurliie. 

Bosmiua  longlrostris    O.  F.  Miiller 

Bosralna  striata     Herrlck. 

I.yncodaphnidje. 
Sul)-faniily  Eurjcerclna?. 

Kurycereus  lanimellatus    O.  F.  M filler 

Sul>-family  Lyneeinte. 
Acroperus  harpte  Baird. 
Alona  quadraugularls  Mfillrr. 
Alona  costata  Sars. 
Pleuroxus  proeurvus  l>irge 
Pn^curvns  dentleulatus. 


Sub-Class  Copepoda. 
Order  Euooiiepoila. 
Calauldse. 

Osphrauticnm  labroiiectiiiii     Forbes 
Diaj)tomus  birgel    Marsh. 
Diaptomus  oregoneusis     LIUjelKirg 
Dlaptomus  pallidus    Herrlck. 
Eplscura  lacustrls     Forbt^s. 

CyclopidtB. 

Cyclops  brevlsi)luosls     Herrick. 
Cyclops  leuckarti     Koch. 
Cyclops  pulchellus     Kocli. 
Cyclops  sigiiatus     Koch. 
Cyclops  modestus     Herrlck. 
Cyclops  capill! ferns    Fc^rbos. 
Cyclops  iuslgnls    Claus. 
Cyclops  serrulatus     Fischer. 
Cyclops  fluviatllis     Ilerrick. 
Cyclops  flmbrlatns    Fischer. 
Cyclops  praslnus     Fischer. 

Order  Siphoiiostomata. 
T.ern«H)i)ldjB. 

Si>ecimen  found  on  gills  of  the  Black  Bass  (Micropterus 
salinoides),  sih»cI(»s  undeterniine<1. 

Sub-Class  Ostracoda. 
Cyprldidie. 

Cypridopsis  vi<lua     O.  F.  Mfiller. 

Sub-Class  Malacostraca. 
Order,  Decapoda. 
Astacinn*. 

Canibarus  diogenes     (Jirnrd. 
Cauibarus  proj)in<jnus    (lirnnl. 
(^anibarus  innnnnis     Ilagen. 

Order,  Aniphipoda. 
Orchestidn*. 

Ilyalella  knl<*kerlM)ckerl     Bate. 
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Order,  Isopoda. 
OniBcidffi. 

Porcelllo  rathkei    Brandt. 
Asellidffi. 

Asellus  tomalensis    Harford. 

The  economic  Importance  of  the  smaller  Crustacea  Is  well  known 
They  form  one  of  the  most  Important  food  supply  links  between  the  lower 
plants  and  animals  cm  the  one  side  and  the  higher  animals  on  the  other. 
A  small  minnow  about  one  inch  long  was  kept  for  some  time  and  fed  on 
Amphipoda  (Hyalella  knickerbockerl).  A  small  darter  hatched  from  the 
egg  and  cared  for  by  Mr.  W.  I.  Lower  was  fed  on  Entomostraca,  principally 
Ostracoda,  until  it  was  eighty-seven  days  old  and  was  about  three-eighths 
of  an  inch  long. 

As  parasites  the  small  Crustacea  frequently  cause  great  mortality 
among  fishes,  but  so  far  only  one  parasitic  form  has  been  found  in  Winona 
Lake  and  that  in  extremely  small  numbers  on  the  gills  of  the  Black  Bass 
(Micropterus  salmoides).  Examination  of  other  fish  and  of  the  clams  In 
The  lake  failed  to  reveal  other  parasitic  Crustacea. 

Three  species  of  crayfish  were  found.  Camharus  propinquu^  was 
abundant  in  the  streams  flowing  into  the  lake  and  also  In  the  outlet,  but 
was  extremely  scarce  In  the  lake.  Gambarus  dlogenes  and  Camharus  im- 
munis  were  found  only  in  burrows  along  the  shore  and  along  the  edge  of 
the  streams  and  in  the  adjacent  low  ground.  The  burrows  are  from  two 
to  three  feet  deep  and  contain  six  to  eight  inches  of  water  at  the  bottom. 
Where  the  soil  Is  homogeneous  they  extend  obliquely  downward  In  almost 
a  direct  course,  but  lu  the  presence  of  stones  and  other  obstructions  they 
wind  about  sometimes  to  a  considerable  extent.  In  digging  the  holes  the 
crayfish  work  head  downward  and  bring  the  earth  up  between  the  chehc 
and  the  first  pair  of  walking  feet  and  deijosit  it  by  the  aid  of  the  second 
pair  of  walking  feet.  Attempts  were  made  to  get  the  burrowers  out  of 
their  holes  by  pouring  strong  salt  solution  and  also  formalin  into  them. 
But  the  crayfish  would  die  before  they  would  come  to  the  surface.  Traps 
at  the  surface  were  also  resorted  to  without  success  and  the  only  practical 
method  of  obtaining  them  was  by  means  of  a  ditching  spade  which  re- 
quired no  small  amount  of  lal)or. 

While  the  crayfi.*»h  were  always  found  in  shallow  water,  under  and 
among  stones  and  sticks  or  in  burrows,  it  was  found  that  they  could  live 


ill  deeper  water.  One  pair  each  of  C.  propinquus  and  C.  diogenes  were 
placed  in  a  wire  cage  In  six  feet  of  water  at  tlie  mouth  of  Cherry  creels 
July  21,  1908,  and  were  fed  from  time  to  time.  They  were  alive  and  in 
good  condition  when  taken  out  August  24,  1908.  It  was  found,  however, 
that  they  would  not  live  in  extreme  depths.  One  pair  each  of  C.  propin- 
quus and  C.  diogenes  were  placed  in  a  wire  cage  in  forty-five  feet  of  water 
and  were  in  good  condition  two  dajrs  later.  But  when  placed  in  slxty-flve 
feet  of  water  they  perished  in  less  than  twenty-four  hours. 
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A    Method    by    Which    Cover   Giasses    May    be    Used 

ON  GoLGi  Slides. 


By  D.  W.  Dennis. 


It  has  been  well  known  for  many  yeai's  that  Golgl  slides  of  the  brain, 
spinal  cord,  etc.,  will  go  bad  If  a  cover  glass  Is  put  on  them. 

Several  years  ago  serial  sections  of  a  mouse's  brain  were  prepared  by 
this  methml  in  the  Earlham  laboratory  by  Mr.  Levi  Peacock.  Three  years 
ago  I  concluded  to  sacrifice  one  of  these  slides  in  order  to  get  a  medium 
power  photograph  of  some  Purklnje  cells»  so  the  balsam  was  warmed  and 
the  cover  glasses  put  on.  Last  summer  the  slides  were  still  In  e.xcellent 
condition.  I  accordingly  had  cover  glasses  put  on  all  the  slides  last  winter 
and  they  are  still  all  In  good  condition.  IIow  long  a  time  must  elapse  after 
a  slide  is  made  before  It  will  bear  a  cover  glass  without  damage  we  shall 
now  work  out. 
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A  Tropical  Reptile  near  Richmond,  Indiana. 


Bv  D.  W.  Dennis. 


A  large  reptile,  Iguiiiia  tuberculata.  was  taken  three  miles  from  Rich- 
moud,  lud.,  In  October.  The  man  who  shot  it,  a  negro,  undertook  to  carry- 
it  home  by  the  tail  and  broke  off  what  he  estimates  was  a  foot  and  a  half 
of  the  end  of  its  tail.  What  remains  is  about  three  and  a  half  feet  long. 
As  this  is  a  tropic  species,  we  suppose  that  it  must  have  escaped  from 
some  traveling  show  or  from  some  private  collection.  No  clue  has  been 
found.  The  skin  will  be  prepared  for  the  Earlham  museum  by  Ward  of 
Rochester.  > 
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A  New  Bel  of  Trilobites. 


By  Andbew  J.  Big  KEY. 


It  Is  conceded  by  those  who  have  studied  the  rocks  of  Dearborn 
County  that  there  are  few  sections  in  the  country  that  are  richer  in  in- 
vertebrate fossils.  The  Richmond  formation  is  the  outcropping  stratum. 
In  many  places  the  streams  have  cut  into  the  underlying  Lorraine.  During 
the  past  ten  years  the  erosive  action  of  the  streams  has  been  much  greater 
than  during  any  previous  period  of  equal  length  of  time.  This  is  largely 
due  to  the  removal  of  the  forests  from  the  hills  and  the  cultivation  of 
these  lands  for  various  crops.  An  examination  of  almost  any  stream  shows 
the  deep  channels  revealing  new  formations  and  rich  beds  of  fossils,  with 
Interatratifled  clays. 

It  was  in  such  a  place  as  this,  one  mile  northeast  of  Moores  Hill,  that 
I  discovered  a  small  bed  of  Trilobites  of  the  species  Calymene  (species?). 
The  bed  does  not  measure  more  than  three  feet  by  four.  The  rocks  are 
about  three  inches  in  thickness.  It  is  of  compact  limestone,  composed  en- 
tirely of  the  trilobites,  most  of  which  have  been  partly  dissolved  and  re- 
crystalllzed.  Enough  of  the  trilobites  remain  to  enable  one  to  recognize 
them.  Nowhere  in  this  section  have  there  been  so  many  trilobites  found  in 
any  one  place.  Usually  they  are  very  scattering.  Twenty-five  years  ago 
many  specimens  were  found  in  various  parts  of  the  county,  but  I  have 
never  learned  of  so  rich  a  find  as  this.  In  the  same  stream  and  not  far 
away  there  are  a  few  specimens  to  be  found.  This  must  have  been  an 
isolated  portion  of  the  ancient  sea,  especially  favoraljle  for  the  growth  apd 
;|cci^i;la^loi>  0^  ^be  triloblt^is- 
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The  Occurrence  of  Congix)merate  and  Sandstone  of  Post- 
glacial Origin  in  Jefferson  County,  Indiana. 


By  Glenn  CrLBERTSON. 


The  city  of  Mndlson,  Jeflferson  County,  Indinim,  has  been  built  on  a 
great  sand  and  gravel  bar.  Thl8  bar  is  approximately  three  miles  long, 
from  a  quarter  to  a  half  mile  wide,  and  of  varying  depth  up  to  sixty  or 
eighty  feet  It  is  composed  quite  largely  of  sand,  gravel  and  pebbles  of 
glacial  origin,  water  worn  and  deposited  by  the  Ohio  river.  The  bar  de- 
posit was  very  probably  formed  contemporaneously  with  tiie  "second  bot- 
toms" or  the  first  terrace  of  the  Ohio  river,  and  during  the  time  of  floo<lo<l 
waters  as  the  later  glaciers  were  melting. 

Crooked  creek,  a  stream  some  eight  or  ten  miles  long,  which  in  glacial 
or  preglacial  times  emptied  into  the  Ohio  near  wlmt  is  now  the  upper  part 
of  the  city  was  deflected  by  these  deposits,  and  now  flows  approximately 
parallel  to  the  Ohio  river  for  some  three  miles,  emptying  into  the  larger 
stream  at  a  distance  below  the  pumping  station  of  the  Southeastern  Hos- 
pital for  the  Insane. 

It  is  along  the  liaiiks  and  on  the  sl(»|>e  to  the  s<»uth  of  Crooked  creek 
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Fig.  I. 

Ideal  croBS  section  of  gravel  bars  and  conf^lomerate  deposits.     Width  of  bar 
b  equals  one-fourth  mile ;  height  m  n  equals  60  feet. 

(c)  Bed  of  Crooked  creek. 

(d)  Position    of    thickest    conglomerate    and    sandstone    deposits,    Irregularly 

placed. 

(e)  and  (s)     Other  irregularly  placed  deposits  of  indurated  rocks, 
(a  b)     Low  water  mark  Ohio  river. 
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that  the  more  hniMirtaiit  sandstone,  gritstone  and  conglomerate  formations 
may  be  seen.  Their  ontcroppings  are  espeoialij'  noticeable  along  the  slope 
south  of  Crooked  creek,  and  between  the  large  fill  of  the  Pennsylvania  rail- 
road and  the  bridge  over  Crooked  creek  on  the  Hanover  road. 

So  far  as  determined  from  sections  seen  in  a  few  short  valleys,  on  the 
creek  banks,  and  in  a  large  gravel  pit,  the  consolidated  sands  and  gravel 
are  more  abundant  on  the  side  of  the  bar  farthest  from  the  river,  and  on 
the  slope  near  the  creek.  Hera  the  conglomerates  and  sandstones  are  in 
several  inregularly  placed  layers  which  vary  in  thickness  from  a  few  inches 
up  to  six  or  more  feet.  The  formations  are  not  of  uniform  thickness,  and 
grow  thinner  the  farther  they  are  from  the  creek  and  the  exposed  slope. 
The  accompanying  ideal  cross  section  of  the  portion  of  the  bar  from 
Crooked  creek  on  the  north  to  the  Ohio  river  on  the  south  in  the  locality 
above  mentioned  shows  the  relative  iKJSition  and  general  character  of  the 
formations. 

The  cementing  material,  so  far  as  tested,  was  found  to  be  calcareous. 
Much  of  the  stone  is  quite  compact  and  Ann,  but  a  part  of  it  is  more  or 
less  friable.  In  general  the  upi>er  portion  of  any  layer  Is  the  more  indu- 
rated. In  a  few  limited  areas  the  upi>er  surface  of  the  conglomerate  ai»- 
pears  to  be  cemented  by  material  of  stalagmitlc  character.  By  far  the 
greater  part  of  the  formations,  however,  gives  no  evidence  of  the  existence 
of  cementing  material  of  that  nature  or  origin. 

Ilie  formation  is  i)efnliar  from  the  fact  that  the  cementation  and  (con- 
solidation took  place  above  the  water  and  lu  the  abm»nce  of  any  consider- 
able pressure.  In  the  opinion  of  the  writer  the  cementation  of  the  sand^ 
and  gravels  was  the  rcsi»!t  of  capillary  action.  The  waters  of  Crooked 
creek,  which  flow  throughout  llieir  co'irse  over  limestone  and  calcareous 
shales  beoonie  at  times  strongly  lnipregnate<l  with  calcium  carbonate.  This 
was  preeminently  the  case  when  the  stream  was  low  at  the  time  of  a 
drouth.  On  the  arrival  of  the  waters  ct  the  place  of  the  present  conglom- 
erate formations,  the  slope  of  the  stream  and  the  diameter  of  the  bed  were 
such  that  the  movement  of  the  water  was  very  slow.  Hence  much  of  the 
water  with  its  content  of  calcareous  material  passed  into  the  sj^ndy  and 
gravelly  banks,  and  then  was  drawn  up  by  means  of  capillary  action 
through  the  firmer  ciose-texture<l  be<ls.  On  apiiroaching  the  surface  of  the 
beds  the  water  evaporatett  and  Jeft  a  residue  of  calciiin^  carbonate,    Tljia 
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residue,  on  being  deposited  between  tbe  gniius  of  sand,  the  particles  of 
gravel  and  tbe  [lebbles  cemented  tlieuj  toj^etlier  into  tlie  solid  rock. 

Tbe  ebaraeler  of  tbe  beds  of  material  underlying  tbe  consoliduted  por- 
tions is  su(b  tbat  capillary  action  was  not  only  [mssible  but  highly  prob- 
able. Tbe  greater  abundance  and  tbe  greater  thickness  of  the  indurated 
beds  on  tlie  side  of  tho  gravel  bar  nearest  the  creek  indicates  that  its 
waters  were  largely  responsible  for  the  presence  of  the  cementing  ma- 
terials. 

In  explanation  of  the  formation  in  places  of  nuiterial  resembling  sta- 
lagmite, it  is  probable  that  surface  waters  flowing  over  or  through  the  more 
or  less  consolidated  rock  redissolved  a  part  of  the  cementing  material,  and 
when  such  waters  reached  the  surface  of  the  soil  or  rock  at  a  lower  level 
they  were  evaporated  and  the  calcium  carbonate  was  again  dei)osited  in 
the  form  mentioned. 
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A  Physiographic   Survey  of  the   Terre   Haute   Area — 

Report  of  Progress. 


By  Charles  R.  Dryeb. 


The  physiograi)hlc  survey  of  the  Terre  Haute  area  reported  hist  year 
has  been  continued  during  the  past  season  and  extended  across  the  Wabash 
valley  to  the  top  of  the  east  bluffs.  A  strip  six  miles  wide,  north  and  south, 
has  been  completed,  and  we  have  been  brought  face  to  face  with  the  prob- 
lem of  the  sand  and  gravel  terrace,  three  miles  and  more  in  width,  50  feet 
above  the  river  and  more  than  100  feet  deep,  which  extends  along  the  east 
side  of  the  valley  a  distance  of  30  miles.  AVithin  the  area  surveyed  its 
generally  level  surface  is  traversed  by  several  irregular  north-south 
ridges,  which  rise  to  a  nearly  uniform  height  of  510  feet  A.  T.  These  are 
Interpretetl  as  being  bars  laid  down  by  a  loaded  and  probably  braided 
stream.  In  some  places  these  bars  are  capped  by  subsequent  eollan  de- 
posits. The  materials  of  the  terrace  are  everywhere  fairly  well  assorted 
and  stratified,  with  frequent  cross  bedding,  where  the  strata  dip  down 
stream  and  suggest  locat  delta  formation.  The  strata  In  vertical  section 
often  display  a  great  variety  and  testify  to  frequent  local  changes  in  the 
velocity  of  the  depositing  stream.  Boulders  up  to  two  or  three  feet  in 
diameter  are  common  and  are  attributed  to  the  melting  of  floating  Ice. 

The  terrace  heads  12  miles  north  of  Terre  Haute  in  Parke  Co.,  where 
the  Shelbyvllle  moraine  of  the  Wisconsin  ice  sheet  crossed  the  Wabash 
valley;  At  this  point  the  problem  is  complicated  by  the  extension  of  the 
terrace  up  the  valley  of  Raccoon  creek  to  the  northeast  where  It  is  more 
than  a  mile  wide.  The  final  solution  requires  the  extension  of  the  survey 
to  the  Shelbyvllle  moraine  and  up  the  Raccoon  valley  to  a  distance  not  yet 
determined.  This  work  has  been  begun,  but  is  not  yet  completed.  So  far 
as  studied,  the  terrace  appears  to  be  an  outwash  plain,  or  valley  train, 
laid  down  by  a  constantly  overloaded  stream,  or  streams,  which  Issued 
from  the  margin  of  the  Wisconsin  Ice  sheet.  Whether  this  is  the  true  In- 
terpretation, whether  the  train  originally  occupied  the  whole  width  of  the 
valley,  and,  If  so,  what  were  tin*  ni^encios  and  conditions  of  Its  removal  from 
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the  wost  side  of  the  valloy,  are  problems  which  we  hojie  to  attack  In  the 
future. 

The  inar^s^in  of  the  east  bUiflf  Is  capped  hy  a  hrcMid  ridj;e  of  sand,  stand- 
ing 20  to  30  feet  above  the  j;eneral  level  of  the  till  plain  to  the  east  of  it, 
and  exhibiting  in  many  localities  characteristic  i»olian  topography.  The 
surface  sands  are  underlaid  by  loess,  and  the  whole  deposit  is  interpreteil 
as  having  betMi  blown  up  by  westerly  winds  from  the  valley  below. 

The  small  streams  from  the  east  which  break  through  the  bluff  have 
wide  flat-tioored  valleys  opening  upon  the  terrace  with  accordant  grades. 
In  their  natural  state,  none  of  them  ever  extended  their  channels  across  the 
terrace  to  the  river.  Their  waters,  ixmded  in  depressions  between  the  bars, 
sunk  into  the  sand  or  evaporateil.  The  depressions  are  generally  puddled 
with  a  thin  coat  of  lacustrine  silt. 
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The  Work  Done  by  Normal  Brook  in  Thirteen  Years. 


By  Charles  R.  Dryer  and  Melvin  K.  Dams. 


A  small  stream  Avhich  enters  the  Wabash  valley  three  mih»s  east  of 
Terre  Haute  attracted  the  attention  of  the  senior  author  of  this  paper  many 
years  ago  by  its  remarkable  meanders.  Within  a  length  of  1,000  feet  it 
presents  most  of  the  phenomena  characteristic  of  the  lower  Misslssipi»i, 
and  If  has  been  visited  so  often  by  geography  and  geolopy  classes  from  the 
Normal  school  that  it  has  acquired  the  name  of  Normal  brook. 

The  stream  rises  by  two  principal  forks  which  drain  al)out  a  s<pnir'v! 
mile  of  lUlnolan  glacial  clay  plain,  cuts  tlirough  the  east  bluff  of  the 
Wabash  valley  and  is  lost  ui)on  the  great  gravel  terrace  below,  by  percola- 
tion and  evaporation.  Along  the  edge  of  the  bluff  the  clay  overlaid  by  a 
belt  of  sand  dunes  about  half  a  mile  wide,  and  the  most  interesting  part 
of  the  stream,  Is  that  w^here  it  passes  through  the  dune  belt.  A  hasty 
survey  of  this  part  of  the  valley  was  made  in  1807  and  a  map  of  it  was 
published  in  the  Inland  Educator  for  June,  ISOS.  During  the  past  season 
(1010)  a  .second  and  more  careful  siirvey  has  been  made  and  a  comi)arison 
of  tiie  two  maps  shows  the  changes  which  liave  taken  place  in  thirteen 
years.     (See  Figs.  1  and  2.) 

The  part  of  the  valley  shown  mea.sures  along  the  median  line  1.150 
feet,  while  the  stream,  by  it**  meanders  measures  1,0(»0  feet,  an  excess  of 
08  per  cent.  In  the  upper  OHO  feet  of  the  valley  the  length  of  the  stream 
is  1,300  feet,  an  excess  of  100  ]>er  cent.  The  valley  tioor,  100  to  200  feet 
wide,  is  flat  fl*M)d  plain  bounded  by  l)luffs  25  to  40  f et  t  high.  The  ma- 
terial exposed  on  the  floor  is  wholly  alluvial,  mostly  sand  with  occasional 
bars  of  fine  gravel  and  lieds  of  tough,  blue  clay.  In  the  valley  floor  the 
stream  has  cut  a  chaiuiel  20-70  feet  wide  and  three  to  six  feet  deep.  The 
stream  is  perennial  and  in  ordinary  stages  is  a  thread  of  clear  water  four 
or  five  feet  wide  and  six  inches  to  a  fcM>t  deep,  which  Is  nnn'li  more  crooked 
than  the  channel.  In  times  of  flcMid  it  fills  the  cliannel,  but  has  never,  in 
seventeen  years  of  observation,  overflowed  the  valley  floor. 

Sharp  zigzags,  oxbow  bends,  cut-offs,  caving  banks  on  the  outside  and 
bars  on  the  inside  of  the  bends  are  numerous. 
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A  detnll&il  duecription  or  some  nt  these  fonturcs  niid  the  chaiiRC!!  which 
hare  taken  place  In  thirteen  years,  as  shinvii  upon  the  two  mopa,  form  an 
interesting  demonstratUin  of  streaiti  work. 

The  Island  at  I  has  disappeared.  The  horse  eboe  near  M  lius  been 
cut  oIT,  a  beech  tree  removed  from  its  center,  and  the  wliole  area  converted 
Into  flood  channel.  The  next  bend  to  the  west  has  been  widened  and 
rounded  (nil  done  nt  two  or  three  sprlug  freshets),  and  the  neck  nearly 
cut  through.  The  slinrp  bend  at  D  has  also  been  widened  and  the  tongne 
shortened.  The  cut-off  clinntiel  across  the  neck  of  bend  B,  a  foot  de*'[i 
thirteen  years  ago,  has  not  been  enlarged,  and  the  cut-off,  then  apparently 
Imminent  by  overflow.  Is  now  likely  to  take  place  soon  by  lateral  erosl.m 
of  the  neck.  Tlie  south  bank  opjxislte  S  has  bwn  cut  back  twenty-flve 
feet,  Including  a  large  beech  tree.  West  of  S  the  north  bank  has  been  cut 
back  forty  feet  including  a  lui-ge  maple.  Near  P  the  stream  strikes  and 
undercuts  a  boulder  clay  bluff,  turns  to  t^ie  north  and  ceases  to  meander. 
Tlie  geuenil  rcNult  is  a  notable  enliirp.>inent  '>f  tlie  area  of  the  flood  chnn- 
iiel  flrmr,  which  has  become  a  new  floo<l  plain,  ictiviiie  the  old  one  as  a 
terrace. 


150 

The  valley  floor  and  sides  are  oi-cnpied  hy  an  o\ye\\,  park-like  forest  con- 
.slstini?  of  oak,  maple,  elm,  beech,  hickory,  basawood  and  other  trees,  mostlj 
from  two  to  three  feet  in  diameter.  Tlie  smallest  one  is  eighteen  inches  and 
oiie  l)eech  is  nearly  four  feet.  The  area  has  never  been  under  the  plow, 
and  has  for  many  years  been  used  as  a  pasture.  Evidently  the  stream 
channel  is  shifting  rather  rapidly  from  side  to  side,  and  the  alluvial  ma- 
terial has  not  been  deposited  in  thin  layers  over  the  surface,  but  has  been 
transferred  from  one  side  of  the  channel  to  the  other  by  lateral  corrasion 
and  deposit.  The  trees  do  not  check  the  process  of  lateral  shifting  in  the 
least.  If  the  stream  comes  against  one  it  undermines  and  tips  it  over  as 
readily  as  It  cuts  away  its  bank  elsewhere.  There  is  only  one  tree  In  the 
valley  more  than  about  100  years  old  and  that  stands  near  the  foot  of  the 
bluff.  Therefore  the  inference  seems  justified  that  a  complete  shifting  of 
the  cliannel  from  side  to  side  and  a  working  over  of  all  the  alluvial  ma- 
terial takes  place  about  once  every  century. 

The  most  puzzling  question  about  this  stream  is  the  obvious  one,  what 
makes  it  so  crooked?  At  ordinary  stages  it  carries  almost  no  sediment,  and 
at  flood  it  does  not  appear  to  be  overloaded  except  on  the  Inside  of  tbe 
bends.  The  valley  is  straight,  the  flood  water  channel  is  very  crooked  and 
the  low  water  channel  is  still  more  crooked.  The  fall  of  the  stream  in 
l.DCO  feet  of  length  is  seven  feet,  or  at  the  rate  of  19  feet  per  mile,  and  In 
the  upi)er  1,:{(W^)  feet  Is  22.5  feet  i>er  mile,  which  equals  the  average  fall  of 
the  Colorado  river  through  the  Grand  Canyon.  The  fall  In  the  lower  600 
Icet  is  10.:^  feet  per  mile.  The  slope  of  the  valley  floor  in  1,150  feet  is  32 
feet  per  mile,  but  in  the  upi)er  650  feet  is  42  feet  per  mile.  Therefore  the 
stream  is  most  crooked  where  the  valley  slope  is  steepest.  Its  law  seems 
to  be,  the  crookedness  varies  directly  as  the  steepness  of  valley  slope.  This 
supports  the  conclusion  of  Jefferson  that  "maturely  meandering  streams 
may  be  regarded  as  finding  their  slope  too  steep."* 

It  works  in  easily  erode<l  materiril  and  the  extraordinarily  crooked 
I>ortlon  of  it  is  just  where  it  crosses  the  belt  of  sand  dunes.  These  facts 
indicate  that  a  temporary  and  local  excess  of  load  may  be  one  of  the 
factors  concerned  in  the  problem. 


*  National  OoRrnphic  Majjazlno.  Vol.  l.S,  Page  37.1, 
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Aiiii:i<lone(l  beiKld  iit  Uigh  \exe\n  hIuiw  tliut  the  etreuiii  Ims  lii'i'ii  iix^iii)- 
deriiig  lor  a  Iuiij;  i>er1iiil.  Tlie  fiii't  tliut  It  no  longer  overllows  Hit  vntli-y 
floor,  but  only  the  cliuniitl  iloor,  lueuiiB  thut  It  is  Hligbtty  liitronclK.-d,  In 
milking  a  aew  HikmI  |ibiln  iit  a  lower  level,  as  the  crows  prulile  shows 
(Fig.  2),  mid  ieiiving  its  fomier  flood  |j!iiiii  jis  a  terrnoe.  In  lutrenched 
uieundcrB  cnt-offa  nre  rare,  because  they  occur  only  where  a  nifk  1b  cut 
tiironirb  liy  latcrnl  er<isiou.  The  cut-olTs  of  Xonuiil  brook  arc  iniulo  In 
thlB  way  nnd  not  by  overflow  across  a  neck.  In  such  ciises  the  iiieaiiiler 
belt  bas  do  selMlmltlng  wldtii,  but  is  restrained  only  by  tiie  bluffs.  In 
Nonnnl  brook  the  wldtb  of  the  belt  la  nbout  thirty  times  ihe  width  of  tlu- 
low  water  stream  a]id  not  more  thnn  Ave  times  the  average  width  of  the 
high  water  channel.  The  iiresent  base  level  for  the  brook  is  the  snrrnci* 
of  the  gravel  terrace  In  the  Wabash  valley.  The  brook  once  emptied  di- 
rectly Into  the  river  when  it  attuKl  at  a  level  ten  or  llfteen  feet  iibove  the 
terrace.  Therefore  the  bruoli  hns  tieeti  subji-i'ted  In  iiost-ghicini  limes  ti> 
a  fait  or  baRC  level  of  tliat  amount.  MeandecK  aifjnlreil  during  n  condition 
of  higher  base  level  and  gentler  slo|ie  iniiy  liiive  been  Inherited  and  mod- 
erately intrenched  by  the  present  stream. 
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The  Paleolithic,  Neolithic,  Copper  and  Ikon  Ages  of 

Shelby  County,  Indiana. 


By  F.  W.  Gottlieb. 


Exact  diitp,  I  know  not;  but  we  will  snj  at  least  1,000  years  ago.  1 
will  treat  especially  upon  the  mounds  of  Hanover  township,  known  as  Hog 
Back  and  Kinsley  mounds.  Tho  former  is  250  yards  long,  over  100  yards 
wide  and  was  05  feet  at  its  highest  point.  As  I  study  this  prehistoric 
burial  place  I  become  convinced  that  it  is  a  grent  deal  of  Nature's  handi- 
work, dating  back  to  the  drift  period,  because  of  the  large  boulders  im- 
bedded in  the  great  mass  of  choicest  gravel.  A  valley  between  this  mound 
and  another  very  high  ridge  shows  how  tho  earth  was  taken  therefrom 
and  placed  on  top  of  the  mound  ridge,  thereby  forming  a  surface  which 
caused  the  earlier  white  settlers  to  give  it  the  name  of  Hog  Back,  much 
representing  the  razorback  species.  Old  historic  Big  Blue  River  flows  grace- 
fully past  the  east  side  of  the  mound,  which  rises  abruptly  to  the  height 
of  65  feet  On  the  north  end  flows  a  spring  of  sparkling  water,  which  has 
quenched  the  thirst  of  countless  ages;  even  in  this  progressive  period  it  is 
the  camping  and  picnic  ground  for  numerous  persons  each  summer  season. 

The  land  where  this  niound  is  locatetl  was  entered  by  a  Mr.  Chadwick 
in  Freeport,  a  small  isolated  village  near  Morristown,  where  the  South 
Illinois  Indian  trail  crossed  Big  Blue  River.  There  was  at  one  time  an 
appropriation  made  by  the  Indiana  State  Legislature  for  the  improvement 
of  Blue  River  up  to  this  point,  and  on  the  opposite  side  of  the  river  and  a 
little  below  is  a  spot  marlied  by  the  State  Geologist  where  gold  has  been 
picked  up,  the  retreat  for  many  summers  of  Indiana's  most  famous  author 
and  poet,  Jameft  Whltcomb  Riley,  and  immortalized  by  him. 

Some  distance  above  the  squat  and  burial-place  of  our  pre-Columbian 
brethren  which  so  l)eautifully  overlooks  the  village  lived  a  settler  of  pio- 
neer fame  by  the  name  of  Pouge,  who  is  sui>i)osed  to  have  been  killed  by 
the  Indians  (hat  had  stolen  his  horses,  when  ho  with  his  gun  followed  the 
trail  northeast  of  Indianapolis  to  a  stream  which  took  its  name  after  the 
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settler.  At  this  point  it  is  claime<l  tlint  he  overtoolv  tha  Indians  and  was 
killed,  as  he  was  never  seen  afterwards.  But  some  years  later  a  skeleton 
was  found  in  a  pit  where  a  tree  had  uprooted,  which  was  supposed  to  be 
the  slaOeton  of  the  settler,  being  the  last  reminder  of  the  Indians  who  no 
doubt  buried  their  dead  in  sitting  postures  in  Hog  Back,  prepared  originally 
by  their  predecessors,  the  Mound  Builders. 

The  mound  is  in  an  enclosure  of  about  six  acres  always  covered  with 
blue  grass  and  was  undisturbed  until  fifteen  years  ago.  Several  very 
large  beech  trees  are  still  standing  on  the  same,  also  very  large  stumi>s 
of  blue  poplar  trees.  After  the  land  was  sold,  the  new  owner  at  once  be- 
gan to  haul  gravel  and  great  destruction  has  taken  place.  Many  skeletons 
have  been  taken  out  and  their  bones,  along  with  the  gravel,  have  helped 
to  make  the  many  good  roads  of  Hanover  township. 

Seven  large  spears  and  many  ornaments  of  bone,  mollusk,  shale  bends, 
ornamented  bear  teeth,  ix>lished  but  not  pierced,  Beaver,  (iround  I  log  and 
Wildcat  teeth  have  been  found. 

Exhibit  1.  The  skull  of  jthis  solon  of  the  past  is  one  of  the  most  per- 
iVctly  preserved  specimens  taken  from  Hog  Back.  Oh,  if  he  could  only  tell 
what  his  cranium  once  possessed  in  knowledge !  He  was  no  doubt  a  Mound 
Imllder,  as  he  was  found  in  nearly  the  middle  of  the  great  ridge  and  aboui 
seven  feet  under  the  surface.  The  carelessness  of  the  gravel  diggers  was 
unfortunate  indeed,  as  no  other  part  of  him  was  saved  and  what  artifacts 
might  have  bei'n  buried  with  him  were  lost. 

The  soul  of  the  man 

The  organ  of  thought — 

Tell  me,  if  you  can, 

What  this  man  might  have  wrought 

2.  This  broken  Femur — see  how  it  was  stoved  and  how  firmly  it 
welded  together.  I  would  like  to  know  the  name  of  the  prehistoric  sur- 
geon I  I  took  up  a  skeleton  on  the  highest  point  twelve  years  ago  of  a  man 
no  doubt  90  or  100  year^  old,  judging  the  age  from  the  teeth.  He  was  a 
very  large  man.  His  jaws  were  so  huge  that  I  could  place  them  on  the 
outside  of  my  jaw  and  move  my  chin  very  freely.  He  had  a  broken  left 
rib  which  was  lapped  together  and  healed  very  nicely. 

3.  This  banded  Slate  Bird  Amulet,  being  the  first  of  the  slate  arti- 
facts that  were  found  in  the  mound,  is  what  archaeologists  term  tlie  Duck, 
or  Lucky  Stone,  and  was  tied  on  the  bow  of  the  boat  to  Insure  success 
for  the  day's  hunt  and  catch. 
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4.  Tliis  Mnllnsk  shell,  pierced  with  three  holes,  was  ui>on  the  breast 
when  It  was  found  with  the  skeleton. 

o.  This  beautiful  banded  slate  ceremonial  was*  unearthed  one  mouth 
ngo.  It  is  a  very  valuable  addition  to  archaeological  science.  I  cmt- 
tend  that  this  specimen  is  not  a  ceremonial  tomahawk,  but  the  ancient 
game  stnne,  similar  to  the  game  of  Diabolo  recently  revived  over  the  world. 
A  heavy  sinew  from  the  deer,  such  as  the  early  Indians  used  for  their 
bows,  was  no  doubt  placed  through  the  unusually  large  square  hole  and 
then  tosseil  into  the  air  by  means  of  a  wand  and  kept  in  motion  by 
applied  science  or  practice.  It  shows  very  plainly  where  the  strings  wore 
grooves  on  the  four  corners  of  the  hole  through  the  ceremonial. 

This  mound  looks  very  sad  today,  as  many  hundreds  of  loads  of  gravel 
are  hauled  therefrom  every  year  and  soon  the  abode  of  early  man  will 
disappear.  I  will  halt  here  long  enough  to  say  that  Indiana  is  very  slow  in 
taking  up  the  matter  of  preserving  her  Indian  Mounds,  a  subject  in  which 
I  am  deeply  interested,  and  I  will  make  an  effort  to  call  the  attention  of  the 
next  session  of  the  Leirislature  to  this  im|>ort^nt  matter. 
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\Ve  susiiof-ted  this  elevntloii  lo  be  t  iikiuikI  Cm  \e  ir-<  1  in  illt  tin  hind 
naB  sold  onrt  plHttid  into  town  loli.  Mr  innl'-  "lio  lum^lit  these  tirtaln 
lots  b>.>gaii  nt  onci  lo  liaiil  giniel  fiom  the  sl(K>  cif  tlio  mmiiKl,  uliUb  Is  a 
perfect  clnle  abjiit  1"jO  feet  Id  tliiimeter  anil  not  oier  se^fii  fitt  high  at 
the  present,  owing  to  the  ftiet  thtit  It  ivns  uiuler  iiiltuntloii  for  miiiii 


FROM  KINSLEY   MOrNP. 


■tare,  which  bus  worn  It  down  st'veviil  feet.  Mntli  to  tUo  snri'i'se  of  th» 
diggers,  liuniiin  boned  began  to  iipiienr,  copper  briicelets  t)^iin  to  full  and 
tinkle,  (liseloslng  three  bodloB— thiit  of  a  sui>pcjse<l  Gliief,  bis  sqimw  wife 
and  ebild  stiunw,  huving  a  totnl  of  Hi  copiicr  liriK-elets  on  their  ivrlsi- 
bones.  <Of  said  nimibcr  1  iwssess  8  iind  sliow  tlu'iii  to  you.)  Here  iii'etw<) 
wrist  bones  of  the  child,  with  two  brncelels  on  lliem,  as  I  found  tliftu 
myself.  My  com)Mnloii  obtained  the  other  jirui  and  the  two  brjH-elets,  be- 
ing a  total  of  four  tlnit  the  c-hild  wore.  \Vc,  foinid  over  liOO  I*jid8  of 
iiiitler  wiinipniii  In  Hie  illrl  iilioiii  tin-  iblld'H  nn-k.  f  or  the  wuni!  I  slii>w  .von 
over  50.) 

Note  the  thIi-kneKH  of  tlie  bnieelels  iiliiinl   tlie  wrists  of  the  Chief,  it 
pl«e  smaller  about  his  qo  doubt  cuiijugnl  stiuaw^ 
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I  have  here  some  of  the  ash  bed  those  bodies  wen*  buried  in,  which 
sliows  one  inch  thick  in  the  soil.  Also  some  splendid  specimens  of  char- 
coal.   The  crania  in  general  from  this  mound  are  in  a  miserable  condition. 

Just  one-half  of  this  conical  mound  has  been  destroyed.  I  may  yet 
obtain  more  valuable  information  wlien  the  remainder  has  been  destroyed. 
Would  that  I  possessed  the  same;  I  would  restore  and  fence  it  about,  let 
blue  grass  reign  supreme,  erect  a  suitable  monument  to  these  solons  of  the 
copper  age,  which  could  be  readily  seen  from  the  C.  II.  &  D.  R.  R.,  being 
not' over  100  feet  from  tlie  track;  but  alas,  there  is  too  much  profit  in  the 
p'aveJ,  and  man  of  this  flyin;:  machine  epodi  must  have  the  cash. 


KINSLEY  MOUND. 

1.  This  part  excavated. 

2.  This  part  left  intact. 

3.  Three  bodies  were  removed. 


The  International  Society  of  Archaeologists,  of  which  I  am  an  ardent 
member,  is  talking  up  the  Science  of  Archieology  and  spreading  it  all 
over  the  world,  enlisting  8upi)ort  everywhere,  and  hoi)e  to  do  away  with 
this  wholesale  destruction  of  the  monuments,  thus  preserving  them  for  the 
care  and  study  of  future  generations. 
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Now  one  word  or  more,  why  we  find  so  often  three  bodies  buried  to- 
gether, of  man,  woman  and  female  child.  This  is  my  second  observation, 
and  others  have  related  like  observations  to  me.  Did  they  cremate,  or  put 
to  death  first  the  favorite  wife  and  female  child  when  the  chief  and  father 
died,  to  be  buried  with  him,  or  what?  What  do  you  think,  you  members  of 
this  splendid  Academy? 


IRON  AGE. 


We  are  now  in  the  Columbian  era,  when  the  Spanish  and  French  and 
early  English  inhabited  this  section.  The  center  wearM)n  in  the  illustration 
is  a  very  finely  preserved  Halberd,  plowed  up  about  ten  years  ago.  An  ex- 
act counter  part  of  this  Halberd  mounted,  with  its  original  handle,  I  saw 
in  the  Cincinnati  Art  Museum,  which  was  loaned  to  the  said  institution, 
having  been  handed  down  at  least  250  years.  It  was  used  with  great  skill 
to  spear,  climb  forts,  chop  away  an  opening  through  the  then  dense  for- 
ests, etc. 

The  Spanish  Bowie  Knife  was  found  recently  In  Morrlstown  when 
digging  for  grading  a  hillside,  by  William  Cremens. 

The  Squaw  Ax  and  peace  pipe  Tomahawk  were  both  plowed  up  years 
ago  and  were  no  doubt  made  for  the  early  Red  Skins  In  this  section,  who 
were  Miami  and  Ben  Davis  Indians,  by  the  men  that  no  doubt  lost  the 
Halberd.  The  early  settlers,  when  on  friendly  terms,  would  exchange 
these  handmade  implements  of  Iron  with  the  Indians  for  furs,  lottery,  etc. 

The  two  Spikes  shown  are  from  the  first  railroad  built  in  Indiana, 
known  as  the  Knights  town  &  Shelbyville  Railroad.  An  old  settler  tells 
me  that  it  is  52  years  since  he  last  rode  on  It.  It  was  a  flat  bar  system, 
wooden  sleepers  and  a  flat  iron  rail  was  spiked  on  with  these  spikes,  which 
were  found  by  my  friend  L.  Cole  on  his  farm  in  Hanover  Township.  The 
road  crossed  Main  street  In  Morrlstown,  where  stood  the  old  depot,  and  the 
two  nails  shown  were  taken  from  the  building  when  it  was  torn  down. 
My  stepfather  (deceased),  Collins  Wilmot  Griffith,  the  first  mill  wrlghter 
and  pattern  maker,  that  superintended  the  building  of  the  first  Flour  Mills 

[11—26988] 
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and  Foundries  In  this  part  of  the  State,  in  his  years  of  retirement  was  the 
owner  of  the  Stage  line  which  operated  between  Knightstown  and  Shelby- 
ville.  He  also  conducted  the  Hotel  at  Knightstown.  The  sad  affair  of 
building  and  putting  this  fast  Railroad  into  operation  was  such  competi- 
tion that  he  soon  lost  his  fortune  tied  up  in  horses  and  stages.  He  con- 
tinued to  conduct  the  Hotel  and  many  belated  passengers  were  his  guests 
for  several  days  at  a  time  until  the  mishap  on  this  slow  Railroad  was  cor- 
rected. 

Thus  I  bring  my  Iron  Age  to  a  close.  I  have  brought  you  from  the 
prehistoric  past  into  history  and  there  I  close,  with  a  mention  of  the  pro- 
gression of  75  j^ears — the  Telephone,  Electrical  Achievements,  Phonograph, 
Wireless  Telegraphy,  Flying  Machine. 


GROOVED  AXES. 


ceMmonials. 


CELTS.  GAGES,  C 
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Fauna  of  the  Brazil  Limestone. 


By  F.  C.  Gbeene. 


Prof.  Chas.  W.  Shannon  of  Brazil  sent  to  the  State  University  a  col- 
lection of  fossils  which  he  said  came  from  a  limestone  just  below  the  sur- 
face at  that  place.  Later  Dr.  J.  W.  Beede  of  the  State  University  and 
Mr.  L.  C.  Snider  sent  in  other  collections  from  the  same  limestone  at 
somewhat  different  localities  m  the  same  vicinity. 

The  stratigraphic  chart  in  the  33rd  annual  report  of  this  department 
shows  this  limestone  as  occurring  in  Division  II  of  the  Indiana  Coal  Meas- 
ures. In  the  23rd  annual  reiwrt  of  this  department,  Ashley  gives  the  fol- 
lowing sections  from  this  locality : 

Braxil.  Ashley. 

Sec.  29.  Sec.  31. 

Ft.       In.  Ft.      la. 

Sandstcme ?        ?  ?        ? 

Limestone 17        0  11        0 

Shale 4        0  6        0 

COAL,  good 3        4  1         0 

COAL,  bone 1        2  0        0 

Fire-clay ?        ?  0        0 

Shale 16        0 

In  other  places  in  this  vicinity,  the  limestone  is  only  seven  feet  thick 
or  may  be  wanting,  while  the  underlying  shale  varies  from  0  to  8  feet  in 
thickness.  The  limestone  is  a  dark-colored,  bituminous  stone,  having  an 
irregular  fracture  and  the  fossils  are  mainly  white  or  light-colored.  It  is 
sometimes  overlain  by  very  fossilifcrous,  dark-c»olored,  calcareous  shale 
from  which  finely  preserved  specimens  may  be  wnshed. 

FAUNA. 

1.  Fusulinella  Sp.    Probably  a  new  8i>ecies. 

2.  Lc^hophyllum  profundura  M-E  and  H. 

3.  Zeacrinus  sp.     (plates). 

4.  Eupachycrinus  tuberculatus  Meek  and  Worthen. 
6.  Eupachycrinus  sp.  (fewer  but  larger  tubercles). 
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0.  Archeocldarls  sp.  (plates  and  sj)ines). 

7.  Worm  c.  f.  Spirorbis  anthraeosia  Whitfield. 

8.  Worm  sp.  (represented  by  burrows  in  the  shell  of  Productus  co8- 

tatus). 

9.  Fistulipora  nodullfera  Meek. 

10.  Stenopora  splnulosa  Rogers. 

11.  Stenopora  ohioensis?    Foerste. 

12.  Stenopora  tnberciilata  Trout. 

13.  Stenopora  e.  t.  c*estrlen8i8  Ulrich. 

14.  Stenop^)ra  sp.    Probably  a  variety  of  S.  si>inulosa. 

15.  Stenopora  2  species.    Probably  undesoribed. 
IG.  Fenestella  llrabata  Foeiste. 

17.  Fenestella  nuxlesta?    ririch  (reverse  only  shown ^. 

18.  Polypora  whitel  Ulrieh. 

19.  Polypora  splnulifora  Ulrieh. 

20.  Polypora  sp.    (resembles    P.    oestrlensls   somewhat    but   differing 

from  it  in  having  much  longer  fenestrules). 

21.  Pinnatopora  sp.  (reverse  only  shown). 

22.  Septopora  pinnata  Ulrich. 

23.  Septopora  biserlalis  Swallow. 

24.  Rhombopora  leiMKl<»ndoidea  Meek. 

25.  Streblotrypa  distincta  Ulrich. 
20.  Cystodlctya  carbonaria  Meek. 

27.  Cystodlctya  sp.  (resembles  ('.  ineciuimarginata  but  has  5-C  rows  of 

zoecia ) . 

28.  Prismopora  sereata  Meek. 

29.  Derby  a  crassa  M  and  H. 

30.  rhonetes  mcsolobus  N  and  P. 

31.  Productus  cora  var.  americaua  Swallow. 

32.  Productus  punctatus  Martin. 

33.  Productus  cost  at  us  Sowerby. 

34.  Productus  wabasheusis  N  and  P. 

35.  Productus  muricatns  N  and  P. 

36.  Productus  f^p. 

37.  Dlelasnia  bovidens  Morton. 

38.  Splriferiua  kentuckiensis  Shumard. 

39.  Spirifer  cameratus  Morton. 
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40.  Spirifer  roekyniontanns  Marcou. 

41.  Reticularia  perplexa  McOhesuey. 

42.  Hustedia  niormoui  Marcou. 

43.  Semlnula  argentea  Shepard. 

44.  Aviculopecten  occidoiitalis  Shniiianl. 

45.  A\'1culoi)ecteii  hertzeriV    Meek. 
40.  Myaliua  reourviorostris  M  and  W. 

47.  Maerodon  earbonarlous  Cox. 

48.  Schizodus  liarii  Miller. 

49.  Astartella  varica. 

50.  Allorisma  terminale?    Hall. 

51.  Pelecyi)od  sp. 

52.  Cephalopod  sp.  (probably  Tainoceras  oecidenlalis  Swallow). 

53.  Griffithldes  scitnla  M  and  W. 

54.  Fish  tooth  (fragment). 

The  Brazil  limestone  in  i)robably  to  be  correlated  with  the  B^ort  Scott 
limestone  of  Kansas,  since  a  similar  fauna  has  been  noted  by  the  writer 
from  this  horizon  (Henrietta  limestone)  of  Missouri  and  southeast  Iowa. 
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Preparation  of  Ether. 


By  p.  N.  Evans. 


It  is  commonly  stated  that  in  tlie  preparation  of  ether  by  running  alco- 
hol Into  snlphuric  acid  kept  at  about  140  deg.  Centigrade,  while  the  opera- 
tion is  nominally  a  continuous  ore,  the  acid  acting  catalytically,  the  volume 
of  ether  obtainable  amounts  to  only  about  six  times  that  of  the  add  used 
before  the  action  Is  seriously  impaired,  soon  to  cease  altogether. 

Various  causes  for  this  limitation  have  been  suggested,  Including  the 
accumulation  of  water  formed  in  the  main  reaction,  the  formation  of  sul- 
phuric and  sulphonic  esters  rendering  the  acid  unavailable,  and  the  actual 
destruction  of  the  acid  by  reduction  to  sulphurous  acid  by  the  organic  com- 
pounds present.  Little  or  no  experimental  evidence  is  given  in  support  of 
any  of  these  hypotheses,  and  the  present  difference  of  opinion  leaves  the 
question  still  open. 

With  the  assistance  of  Miss  Lena  Sutton  the  writer  Is  attempting  to 
get  more  definite  Informaticm  as  to  the  actual  limits  of  the  reaction  and 
their  cause  or  causes.  At  the  time  of  writing  the  work  has  not  proceeded 
far  enough  to  provide  the  solution  of  the  problem,  but  it  has  already  been 
learned  that  instead  of  the  efficient  limit  being  reached  when  the  volume  of 
the  ether  amounts  to  about  six  times  that  of  the  acid  used  there  Is  no  dim- 
inution of  efficiency  at  about  fifty  times  the  volume,  when  ordinary  com- 
mercial alcohol  and  acid  are  employed.  It  has  been  found,  too,  that  the 
accumulation  of  water  formed  in  tlie  reaction  cannot  be  the  inhibiting  fac- 
tor, for  it  has  been  learned  that  it  is  practicable  to  start  with  highly  di- 
luted acid  and  obtain  the  usual  results,  the  acid  evidently  becoming  con- 
centrated to  the  necessary  degree  by  loss  of  water  at  tne  temperature 
ordinarily  employed 

In  order  to  determine  the  proportions  of  ether,  alcohol  and  water  in 
the  successive  distillates,  they  are  submitted  to  fractional  distillation,  and 
the  results  compared  with  those  from  known  mixtures  In  the  proportions 
possible  under  the  conditions  of  the  experiment,  assuming  the  alcohol  used 
to  have  undergone  the  reaction  with  varying  degrees  of  completeness. 

It  Is  hoped  to  obtain  further  experimental  evidence  bearing  upon  the 
problem  during  the  present  academic  year. 
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Ttie  Surface  Tension  Temperature  Coefficient. 


By  Arthur  L.  Foley. 


o  o 


^^JJ/t//WA^.  i^  f^.J..  ,„i}l^^J^ 


1 


Some  fifteen  years  ago  the  author  described  a  method  of  finding  the 
surface  tension  of  liquids  by  determining  with  a  balance  the  force  required 
to  pull  a  frame  of  mica  from  the  liquid/    A  mica  frame,  cut  in  the  form 

shown  in  Fig.  1  is  suspended  from  one  arm 
of  a  sensitive  balance  and  the  lower  edge 
(a-b)  of  the  upper  strip  of  mica  is  brought 
into  contact  with  the  liquid.  The  liquid  is 
then  gradually  lowered  while  the  pointer  of 
X  13*  '•  the  balance  is  kept  at  the  turning  point  by 

adding  weights  to  the  other  pan.  Eventually 
the  do^^^lpull  of  the  liquid  and  film  is  exceecWd  by  the  weights  on  the  other 
arm  of  the  balance,  the  mica  frame  is  pulled  suddenly  upward,  and  the 
film  brealis.  The  frame  is  then  weighed  while  still  in  the  liquid.  The 
difference  between  the  two  weights  gives  what  is  called  the  maximum 
weight,  from  which  the  method  taljes  its  name. 
The  surface  tension  is  given  by  the  equation 


'P  _  ^_wg  _dl*t -g Itg 


2(i±t)  ^47r-t)    4(F::tiV^''»^^^  +  4-(^-^)^-     ('^ 

Where  T=^urface  tension  in  dynes. 

w=maximum  weight. 

l=length  of  frame  (between  legs). 

t=thicl5nes8  of  frame. 

d=density  of  liquid. 

g=acceleration  due  to  gravity. 
When  the  frames  are  thin  one  may  use  the  simple  equation 

T  =  \l  (2) 

The  maximum  weight  can  be  determined  again  and  again  with  sur- 
prising uniformity.    Even  when  one  uses  mica  frames  differing  greatly  in 


'  Procpodings  of  the  Indiana  Academy  of  Science,  1895,  p.  67. 
Physical  Review.  Vol.  3.  No.  5.  1896.  p.  381. 
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thickness  the  values  of  the  surface  tension  calculated  by  equation  (1)  are 
quite  concordant.  In  the  article  already  referred  to  the  author  gives  re- 
sults for  frames  ranging  in  thickness  from  .0013  cm.  to  .02067  cm.,  the 
greatest  variation  being  less  than  six-tenths  per  cent.  Equation  (2) 
gave  results  with  a  maximum  range  of  four  per  cent,  the  difference  be- 
ing greatest  for  thick  frames.  But  in  practice  It  Is  not  necessary  to  use 
thick  frames.  In  the  case  of  the  variation  of  the  surface  tension  with 
temperature  all  the  measurements  may  be  made  with  a  single  franae.  In 
this  experiment  the  frame  was  .0102  cm.  thick  and  6.642  cm.  long. 


^vW^  ■skV^W.V.? 


ft     fc        ■'  ■    ■    ■  i/Sv > 


kiikkkkk»,xr^^<.<^(k\i.^av\v!i.<a  _ 


Fis.Z. 


Fig.  2  shows  the  arrangement  of  the  apparatus  lor  measuring  the 
temperature  coefficient  of  the  surface  tension  of  water  between  room 
temperature  and  80°.  A  mica  frame  F  was  hung  on  a  wire  W  attached 
to  one  arm  of  a  balance — sensitive,  at  this  load,  to  .002  mg..  The  balance 
itself  rested  on  a  wooden  box  shown  in  section.  This  box  had  a  door  in 
front  (practically  air  tight)  with  a  double  glass  window  through  which 
the  apparatus  inside  could  be  seen  and  the  thermometers  read.  The 
wooden  box  enclosed  a  double  walled  tin  box  or  tank  T^  with  walls  about 
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eight  centimeters  apart  on  all  sides  except  In  front  of  the  glass  door.  Ti 
was  a  copper  vessel  or  tank  connected  by  lead  tul>es  La  and  L^  to  the  tank 
T,.  Both  tanks  were  filled  with  oil.  The  oil  in  the  tank  Ti,  heated  by  one 
or  more  bunsen  burners,  passed  through  the  tube  L^  Into  the  tank  Ts  and 
finally  back  through  Li  into  Ti.  A  stirrer,  driv^i  by  an  electric  motor, 
aided  in  producing  a  rapid  circulation  of  the  oil.  Tank  Ti  and  tubes  La 
and  Jji  were  wrapped  with  several  layers  of  asbestos  paper. 

From  a  flfisk  not  shown  in  the  figure  water  wns  siphoned  to  and 
through  the  tube  Gi  into  the  evaporating  dish  Di.  An  overfiow  G,  served 
to  keep  constant  the  depth  of  the  water  in  the  dish.  The  excess  of  water 
dropped  on  sponges  S  in  an  evaporating  dish  D.,  itself  drained  by  the  tube 
T,.  The  sponges  served  to  keep  the  space  Inside  the  box  saturated  with 
watery  vapor,  or  nearly  so.  An  inverted  evaporating  dish  D,  served  to 
cBcloBe  almost  completely  the  frame  and  liquid  and  thus  Insure  the  satura- 
titm  of  the  space  about  the  film  on  which  the  measurements  were  made. 

The  dish  Di  rested  on  a  wooden  platform  P  supported  at  one  end  by 
a  hinge  tatd  at  the  other '«id  by  &  ecurd  G  passing  over  a  cylindrical  metal 
cod.  which,  extendi  to  the  outside  of  the  box.  The  height  of  the  water 
surface  waa  slowly  raised  or  lowered  by  twisting  the  rod. 

A  thermometer  ti  gave  the  temperature  of  the  oil,  t,  the  temperature 
atttse  water,  t»  the  temperature  of  the  space  immediately  above  the  water, 
and  t«  ^e  temperature  of  the  space  outside  the  inverted  evaporating  dish. 
N^  measurements  were  made  when  the  thermometers  ts,  t«,  and  t«  differed 
bgr  more  than  a  few  tenths  of  a  degree.  This  necessitated  a  wait  of  from 
one  to  five  hours  t>etween  readings  at  different  temperatures.  Three  series 
of  readings  were  taken,  each  requiring  a  continuous  run  of  from  ten  to 
thirty-six  hours — depending  upon  the  number  of  observations  made. 

Owing  to  the  condensation  on  the  wire  W  where  it  passed  through  the 
opening  in  tha  tank  T,  it  was  not  practicable  to  carry  the  observations 
higher  than  80°.  An  effort  was  made  to  prevent  this  condensation  by  driv- 
ing gently  through  the  opening  a  stream  of  warm  air  from  the  outside. 
But  this  Interfered  somewhat  with  the  action  of  the  balance  and  the  satu- 
ration of  the  ippace  inside.  It  did  not  occur  to  the  writer  at  the  time  to 
try  h»atiDg  the  wire  by  means  of  an  electric  coil. 

For  temperatures  below  room  temperatures  the  asbestos  was  removed 
from  the  tank.  T»  and  the  tank  was  surrounded  by  a  large  vessel  containing 
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water  and  Ice,  or  ico  and  salt,  depending  on  the  temperatures  required  in 
the  tank  T,. 

The  water  used  in  this  experiment  was  first  distilled  in  the  usual 
copper  still,  then  with  p(>taj«sium  permanganate  in  glass,  then  twice  again 
in  glass.  Just  before  using  the  water  was  boiled  for  fifteen  minutes  to 
drive  off  absorbed  gases,  and  then  rapidly  cooled  by  placing  the  flask  in 
ice  water.  The  water  was  siphoned  from  the  flask  through  a  glass  siphon 
with  a  cock  which  i)erniitted  the  flow  to  be  adjusted  at  will.  Before  open- 
ing the  cock  the  water  in  the  flask  was  each  time  brought  to  approxi- 
mately the  temi)eratiire  indicated  by  the  thermometer  t*.  It  was  then 
passed  through  the  tube  Gi  (which  had  a  length  of  some  fifty  centimeters 
inside  the  oil)  into  the  dish  Hh.  Sometimes  the  measurements  were  made 
with  the  water  in  Eh  at  rest,  sometimes  with  the  water  flowing  very 
slowly  from  the  tube,  this  giving  a  fresh  surface  as  free  as  possible  from 
absorbed  gases  or  contamination  of  any  kind. 

The  author  feels  sure  of  all  his  data  except  his  temperature  measure- 
ments. The  thermometers  used  were  bought  for  high  grade  Instruments. 
It  was  the  intention  to  calibrate  them  at  the  conclusion  of  the  exi>erlment. 
By  accident  tliey  were  placed  with  some  others  of  the  same  kind  and  so 
could  not  be  identified. 

The  results  obtained  in  this  investigation  are  given  In  the  following 
table  and  are  plotted  In  Fig.  3. 

Temperature  *  Tension  in 

of  the  Water —  Dynes  per  cm. 

1.4 74.95 

6.6 74.176 

10.7 73.667 

16.5 73.087 

21.8 72.20 

29.2 70.795 

37.3 69.32 

50.4 67.36 

51 .0 67.27 

61 .6 65.50 

67.5 64.45 

72.6 63.71 


X 


=  icrrvperaMXrf , 

*  tension  in 
dynzs  pur  cm. 


/(f     zo'    30*    ^<f     s<r     €0*    70"    so'C 


Fig  3. 
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From  the  plot  one  obtains  the  following  values: 

Surface  t^ision  at    0**  C.=76.5  dynes  per  cm. 

Surface  tension  at  18**  C.=72.6  djmes  per  cm. 

Surface  tension  of  80®  C.=62.6  dynes  per  cm. 

Temperature  coefflclent^=.161  dynea  per  cm. 
T.  Proctor  Hall'  gives  the  following  values: 

Tension  at    0**  C.=76.48  dynes. 

Tension  at  18**  C.=72.96  dynes. 

Tension  at  80"*  C.  (calculated)  =64.28  dynes. 

Temperature  coefficient=.14  dynes. 
Hall   tabulates  the   results  of   nineteen   different   Investigations   by 
fourteen  investigators  giving  a  mean  of  all  of  Tension=75.4  dynes  at  0*"  G. 
und  temperature  coefficient  ranging  from  .141  dynes  to  .204  dynes  per  cm. 
Hall  adopts  .14  dynes  as  the  most  protmble  value. 

It  will  be  observed  that  the  author's  result  for  the  tension  at  zero 
temperature  agrees  with  the  results  obtained  by  others,  but  that  his  valuetf 
at  higher  temperatures  are  considerably  lower,  giving  a  much  larger  tem- 
perature coefficient  The  differences  are  entirely  too  largd  and  too  regular 
to  be  attributed  to  experimental  errors. 

Hall  claims  that  absorbed  gases  tend  to  raise  the  surface  tension  of 
water  and  to  increase  the  temperature  coefficient  He  claims  also  that  the 
surface  tensions  of  different  samples  of  water  are  not  the  same.  The 
author  rather  indipes  to  the  view  that  the  smaller  values  obtained  at 
higher  temperatures  in  this  investigation  are  due  to  the  fact  that  the 
measurements  were  made  on  water  in  contact  with  air  saturated  with 
watery  vapor,  while  the  ccmditions  under  which  most  of  the  other  investi- 
gations have  been  made  give  the  tension  of  water  in  contact  with  moist 
air,  but  not  saturated  air.  Perhaps  the  actual  temperature  of  the  film 
under  such  conditions  is  not  given  correctly  by  a  thermometer  placed  In 
the  liquid.  Evaporation  Into  the  air  lowers  the  temperature  of  the  surface 
film — ^possibly  considerably  below  the  temperature  of  the  body  of  the 
liquid.  Whatever  the  actual  magnitude  of  this  effect  may  be,  it  tends  al- 
ways to  give  too  high  values  for  the  surface  tension  at  high  temperatures — 
the  drier  the  a!r  the  higher  the  values. 


*  New  method  of  measuring  surfttce  tension.    Philosophical  Magadne,  Novem- 
ber, 1888,  Vol.  3d,  p.  412. 
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Objections  to  LAPiiACE's  Theory  of  Surface  Tension. 

(Abstract.) 


By  Arthur  L.  Foley. 


Laplace's  Theory  of  surface  tension  attributes  the  contractile  force  of 
liquid  films  to  the  attraction  of  the  molecules  immediately  below  the  surface 
of  the  liquid  for  those  on  the  surface,  producing  a  tendency  for  the  surface 
molecules  to  move  Into  the  interior.  The  magnitude  of  this  force  would 
depend  on  the  curvature  of  the  surface  and  would  be  greater  at  a  convex 
surface  than  at  a  flat  or  concave  surface.  Consequently  the  rise  of  water 
in  a  capillary  tube  would  be  due  to  the  fact  that  the  downward  pressure 
of  the  fllm  outside  the  tube  is  greater  than  the  downward  pressure  of  the 
fllm  inside  the  tube. 

This  theory  does  not  call  for  a  negative  pressure  under  the  fllm  inside 
the  tul)e.  It  calls  for  a  positive  pressure,  but  slightly  less  than  the  down- 
ward pressure  outside.  The  liquid  then  would  be  forced  up  the  tube  by  the 
outside  film  pressure.  It  would  appear  then  that  any  variation  of  the 
pressure  either  inside  or  outside  the  tube  should  be  followed  by  a  change 
in  the  height  of  the  capillary  column.  Some  simple  experiments  give  re- 
sults that  are  at  variance  with  the  theory. 

Take  a  long  capillary  tube  with  its  lower  end  extending  some  distance 
into  the  water  and  note  the  height  of  the  capillary  column.  Drop  some  soap 
solution  on  the  water  outside  the  tube  and  thus  lower  the  tension  outside 
If  the  liquid  is  supported  by  the  excess  of  pressure  outfeide  the  tube,  the 
height  of  the  capillary  column  should  be  lessened.  On  the  contrary  the 
height  remains  constant  for  some  time — hours  even — until  the  solution  has 
had  time  to  diffuse  Into  the  tube. 

Repeat  the  experiment  this  time  introducing  the  soap  solution  into 
the  capillary  tube  by  means  of  a  very  fine  capillary  tube.  The  tension  in- 
side the  tube  l)eing  reduced  (demanding  a  reduced  pressure  inside)  and 
the  outer  pressure  remaining  constant,  it  would  seem  that  the  excess  of 
the  outside  pressure  would  be  increased  and  that  the  water  should  there- 
fore rise  in  the  capillary.    Instead  of  rising  it  immediately  falls. 
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The  Variation  in  the  Ratio  of  the  Specific  Heats  of  a 
Gas  at  the  Temperature  of  Liquid  Air. 


By  C.  M.  Smith. 


Introduction. — The  value  of  the  ratio  of  the  specific  heat  of  a  gas  at 

constant  pressure,  to  the  specific  heat  at  constant  volume,     k=:—   y      ^^^ 

Off 

occupied  the  attention  of  physicists  since  the  time  of  Newton.    It  was  well 
understood  by  him  that  the  values  for  the  velocity  of  sound  In  a  gas  as 


were  not  in    accord 


calculated   from   his   formula  V  —    .  1  ^}^^^ly  , 

y    density 

with  observed  values,  and  being  impressed  by  this  discordance  he  was 
moved  to  make  certain  violent  assumptions  concerning  the  relative  magni- 
tudes of  the  gas  molecules  and  the  Inter-molecular  spaces,  together  with 
the  relative  velocities  of  sound  in  each.  The  true  explanation  of  the 
discordance  was  first  suggested  by  LaGrange,  who  pointed  out  that  the 
elasticity  of  a  gas  might  be  augmented  faster  than  its  density,  under  com- 
pression, although  it  remained  for  LaPlace,  In  1816,  to  develop  the  complete 
theor>',  and  elucidate  the  necessity  for  regarding  the  adiabatic  changes  In 


volume,  the  modified  equation  being     V  I  «^^«:%     x  A:,  where  k  is 

y   density 

the  ratio  of  the  adiabatic  and  Isothermal  elasticities,  likewise  the  ratio  of 
the  specific  heats.  Since  that  time  more  than  a  score  of  Investigators  have 
occupied  themselves  with  the  determination  of  the  value  of  /r\  under  the 
various  conditions  of  temperature  and  pressure,  and  the  importance  at- 
titched  to  the  determination  of  k  will  be  apparent  from  the  following 
considerations. 

With  a  value  of  k  assumed  as  known,  its  use  in  Newton's  equation 
is  convenient  for  studying  various  physical  constants  of  a  gas,  and  in 
small  quantities  of  the  gas,  values  of  the  velocity  of  sound  and  specific 
heats  may  be  determined  or  compared.     Furthermore  a  knowledge  of  the 


*  For  an  exhaustlye  review  of  the  history  of  the  problem,  see  Maneuvrler,  Jour, 
de  Physique,  4,  1895. 
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value  of  k  is  important  because  of  its  entrance  Into  several  of  the  funda- 
mental equations  of  thermodynamics,  and  also  because  it  furnishes  an  ex- 
cellent criterion  for  the  correctness  of  the  assumptions  made  in  the  kinetic 
gas  theory,  concerning  the  distribution  of  the  energy  within  the  molecule. 
In  view  of  these  intimate  correlations  of  the  value  of  k  with  other  funda> 
mental  factors  it  is  Important  to  study  its  variation  under  different  con- 
ditions of  pressure  and  temperature  for  the  same  gas. 

For  constant  pressure  Wtillner*  found  practically  a  constant  value  of 
k  between  0**  and  100**  G.,  for  air.  Witkowski*  has  found  evidence  of  a 
variation  in  k  with  both  temperature  and  pressure,  from  theoretical  con- 
siderations. Luduc*  shows  that  k  should  decrease  with  rising  temperature 
and  with  falling  pressure.  Stevens*  finds  a  value  of  1.34  for  k  at  1000°,  and 
KalMiine*  shows  that  k  decreases  with  rising  temperature,  reaching  a  value 
1^  for  900°.  S.  R.  Cook,^  working  with  liquid  air  temperatures,  finds 
the  value  of  k  for  air  to  be  1.35  (nearly),  and  Valentiner*  in  an  exhaustive 
study  of  the  dependence  of  k  in  nitrogen  upon  pressure,  at  liquid  air  tem- 
peratures, finds  the  value  of  fc  to  Increase,  approximateljn  In  proportion  to 
the  ratio  of  the  pressure  to  the  saturation  pressure  for  the  temperature 
used. 

In  this  connection  it  was  suggested  to  the  writer  by  Professor  R5ntg^i, 
that  a  study  of  the  value  of  k  should  be  undertaken  for  constant  pressure 
and  liquid  air  temperature,  and  under  his  direction  the  present  work  was 
carried  out  during  the  winter  and  spring  semesters  of  1901,  in  the  Physi- 
cal Institute  at  Munich.    Two  series  of  observations  were  carried  through : 

I.  For  constant  pressure,  the  ratio  of  values  of  k  for  the  tem- 
peratures of  melting  ice  and  boiling  water  was  determined,  the  gas 
used  being  air,  free  from  moisture  and  CO,.  Values  under  these  con- 
ditions had  been  determined  by  Wtillner  (loc.  cit.),  and  were  here 
repeated  as  a  means  of  checking  the  method. 

II.  For  constant  pressure,  the  same  ratio  was  determined  over 
a  range  of  temperature  from  that  of  the  room,  about  20°  C,  to  that 


*Ann.  der  Physik     4,  1878. 

•Scl.  Abs.  3,  1900,  p.  387. 

*Sci.  Abs.  3,  1900,  p.  29. 

»Scl.  Abs.  4,  1901,  p.  847. 

•Ann.  der  Physlk  11,  1903,  p.  225. 

»PhyB.  Rev.  23,  1906.  p.  232. 

■Ann.  der  Physlk  15,  1904. 
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of  liquid  air,  boiling  freely  under  atmospheric  pressure,  about  — 190*  C, 
the  gas  in  this  series  being  pure  nitrogen. 

Values  were  calculated  for  both  series  using  the  simple  relations  given 
in  equation  (6),  and  for  series  I  the  results  were  in  close  agreement  with 
those  of  WUllner.  The  assumption  that  Gay  Lussac's  law  holds  for  nitro- 
gen at  low  temperatures  was  however  regarded  as  questionable,  and  re- 
sults for  series  II  were  not  at  that  time  published.  Subsequently  the 
density-pressure  relation  for  low  temi>eratures  was  investigated  for  nitro- 
gen by  Bestelmeyer  and  Valentiner*  in  the  Institute  at  Munich,  and  resulted 
in  the  establishment  of  the  following  empirical  relation  l}etween  pressure 
volume  and  temperature: — 

pt^=hiT — (h^i — h^TJPf  where  T  is  the  absolute  temperature,  p  is  the 
pressure,  and  v  is  the  specific  volume,  the  constants  having  values 
;ii==0.27774,  ;is=0.03202,  and  /h==000253.  This  relation  introduced  into 
the  general  equations  gives  (13).  Making  use  of  (13)  the  data  of  series 
II  have  l)een  recomputed,  and  the  results  are  given  in  table  IV. 

Subsequent'  tb  the  exi^rimental  work  of  I  and  II,  Valentiner**  has 
made  use  of  the  same  apparatus  used  by  the  writer,  with  certain  modifi- 
cations and  Improvements,  for  investigating  the  dependence  of  k  upon 
pressure,  for  nitrogen,  at  liquid  air  temperatures. 

The(«y. — The  method  used  was  that  of  Kundt's  dust  figures.  Two 
glass  tubes,  maintained  at  different  temperatures,  had  set  up  in  them  sys- 
tems of  standing  waves  by  means  of  the  longitudinal  vibrations  of  the 
same  glass  rod.  The  frequency  of  the  waves  was  the  same  within  both 
tubes,  and  from  measurements  of  the  wave  lengths,  as  shown  by  the  dust 
figures,  the  variations  in  k  could  be  determined. 

The  velocity  of  sound  in  any  homogeneous  medium  is  given  by  the 
equation 

dp 

dv 
where  v  is  the  specific  volume,  and  p  is  the  pressure,  the  negative  sign 
meaning  that  a  decrease  in  pressure  corresponds  to  an  increase  in  specific 
volume.    It  must  be  remembered  that  the  standing  wave  in  the  tube  has 
a  wave  length  half  as  great  as  that  for  the  progressive  wave  of  the  same 


•Ann.  der  Physik,  15.  p.  61. 
»«Ann.  der  Physik,  15.  p.  74. 
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frequency,  and  throughout  i  will  be  used  to  mean  the  inter-nodal  distance 
for  the  systems  of  standing  waves.  Far  a  i)erfect  gas  the  adiabatic  equa- 
tion fpv^-—(<  nstnnt)  must  be  used,  whence 

dp  _      pk  (2) 

dv  V 

Substituting  this  value  in    (1) 

v^pk 
V^  -= kpv  -  4n«  :*.  (3 ) 

V 

Let  equation  (.3)  refer  to  the  tul)e  B,  Fig.  1,  in  series  I,  which  contains 
air,  and  is  at  0°  C,  and  let  a  similar  equation  with  subscripts  apply  to  the 
tube  A  in  the  steam  bith. 

V\^k,p,v,r=in\V\.  (4) 

Dividing  (4)  by  (3)  and  solving  for  the  ratio 

^, 

k,       A\v        .,  .  (5) 


k         X^t;/ 


From    Gay   Lussac's   law   sixjcific   volumes    are   directly    proportional    to 
absolute  temperatures,  whence 

k,       A^r  (6) 

From  (6)  the  results  given  in  table  I  are  calculated. 

For  series  II  however,  using  nitrogen  at  liquid  air  temperature,  the 
p-v-T  relation  to  Bestclmeycr  and  Valentine  teas  used, 

p  r— 0.27774  T— (0.03202— 0.000253  T)p  (7) 

Substituting  in  the  fundamental  equation 

(8) 
T 


\dvjQ       \dv/i 


the  value  of       _       for  constant  temperature,  as  determined  by  differen- 
tiating  (7), 


C-) 


kp  (9) 


and  substituting  this  in  (1). 
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v*kp  kp^v^  (10) 

V^  = =  — =  4n2^* 

v  +  (h,-hsT)        KT 

Writing  equation  (10)  with  subscripts  referring  to  the  tube  B  BMg.  1, 

as  used  in  series  II  with  nitrogen,  at  a  temperature  of  liquid  air, 

kyv^^v^^  (11) 

Dividing  (11)  by  (3), 

k,p\v\       An^'^^^h.T,  k,       pvh.T^A^  (12) 

=z whence         = 

kpv  4n'^Aa  k  p\v\'a^ 

For  normal  conditions  pv=^7Q  (1+at),  whence 

k^      l\  h,  T,  (13) 

-=  — 76(/+a0— ^ — - 
k       i^  P\v\ 

Ihe  product  p^v^^  referring  as  it  does  to  nitrogen  at  liquid  air  tempera- 
ture, must  be  computed  from  the  empirical  equation  (7).  Equation  (13) 
is  used  for  the  calculation  of  results  for  series  II,  given  in  table  IV. 

Description  of  Apparatus  and  Method. — A  general  view  of  the  ap- 
paratus as  mounted  for  use  is  shown  in  Fig.  1,  the  essential  features  of 
which  are  shown  in  Fig.  2.  Two  glass  tubes,  A  and  B,  Fig.  2,  about  3.2  cm. 
in  diameter,  were  bent  at  right  angles,  about  30  cm.  from  the  ends,  the 
horizontal  portions  being  about  80  cm.  long.  These  were  mounted  on  a 
rectangular  frame  of  wood,  a  a  a  a.  This  frame  was  hung  with  its  plane 
vertical,  and  was  capable  of  rotation  al)out  a  pivot  at  the  point  O.  The 
entire  structure  could  l)e  tilteil  forward  slightly  about  an  axis  XX'.  A 
glass  rod  e  f  g,  100  cm.  long,  with  enlarged  ends,  was  clamped  at  points 
\  and  J  of  its  length  from  its  ends,  the  supports  for  the  rod  at  these  points 
being  of  rubber,  and  serving  at  the  same  time  to  close  the  ends  of  the 
tubes.  Through  these  rubber  stoppers  were  passed  small  delivery  tubes, 
for  introducing  the  gas  used.  Adjustable  pistons  were  inserted  through 
similar  rubber  stoppers  at  c  and  d.  Th'e  upper  tube  was  surrounded  by  a 
double  walled  vessel  made  of  tinned  copper,  and  covered  with  a  layer  of 
heavy  felt.  This  vessel  had  a  closely  fitting  double  cover,  provided  with 
mica  windows  through  which  the  thermometers  were  read.  It  was  also 
provided  with  inlet,  outlet  and  drainage  tubes,  so  that  steam  could  be 
passed  in  and  the  temperature  of  boiling  water  Indefinitely  maintained 
about  the  enclosed  tube  A.  A  long  trough  was  made  of  such  dimensions 
that  it  could  be  raised  up  about  the  lower  tube  B,  and  when  filled  with 


melting  it^e  the  temperature  of  B  cnnld  be  held  at  0'  Uiroughont  tbe  neces- 
eary  time  iDteryal  For  the  eerles  II,  h  traugh  of  Bpeclnl  design  to  contain 
llguld  air  waa  used.    TbU  was  made  of  three  layers  of  thin  sheet  tin,  with 


Fii.  1. 

a  U  shaped  cross  seotioii,  nested  together  with  thick  Itiyers  of  felt  be- 
tween.   This  is  shown  in  tbe  lower  part  of  Fig.  1. 

A  small  (juantity  of  anhydrous  qiiartz  iiowtler  was  placed  In  the  tnbes 
A  and  B,  and  uniformly  distributed  Iti  a  thin  line  along  the  bottom  of  tbe 
tnbes  by  rocking  tbe  frnnie  about  O,  and  gently  tapping  the  tnbes  with  a 
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pencil.  After  this  linear  distribution  of  the  powder  the  entire  structure 
was  tilted  forward  slightly  about  XX',  and  the  line  of  the  powder  was  made 
to  seek  the  lowest  part  of  the  tubes  by  gentle  tapping.  On  tilting  the 
frame  back  to  its  vertical  position,  the  line  of  powder  was  raised  slightly 
along  the  side  of  the  tubes,  and  when  the  glass  rod  e  f  g  was  rubbed  at 
its  middle  point  with  a  piece  of  moistened  flannel,  its  longitudinal  vibra- 
tion was  communicated  to  the  gas  in  both  tubes,  setting  up  systems  of 


ic.  2. 


stationary  waves,  and  causing  the  powder  to  fall  down  at  the  points  of 
maximum  disturbance  as  shown  in  Fig.  3.  These  festoon  like  figures  were 
sharp  and  uniform*  and  capable  of  accurate  measurement,  the  inter-nodal 
distances  giving  the  wave  lengths  of  the  standing  waves  within  the  tubes. 
Each  of  the  tubes  carried  near  the  ends  of  the  horizontal  portions,  a  pair 
of  felt  covered  brass  rings.  To  the  under  side  of  these  rings  could  be 
quickly  attached  by  means  of  set  screws,  the  brass  meter  scale  for  measur- 
ing the  figures.  A  sliding  sleeve  which  could  be  slipped  over  the  tube  was 
provided  with  a  vernier  reading  to  one-tenth  mm.,  which  played  over  the 
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brass  scale  beni-nth.  nnd  on  tti^  sleere  wur  n  fldiicial  Itne,  In  the  form  of  a 
line  black  wire.  Three  InileiK'iidcQl  settingK  were  made  on  each  nodal  point, 
tbe  meau  being  taken  ns  the  iiositlnu  of  tbe  node.  Since  the  figures  were 
formed  at  temiiora  Hires  dlftcreiit  from  those  at  which  Uiey  were  measured, 
the  corresponding  oori-ectlons  for  tlie  extension  nnd  contraction  of  tbe 
glass  tubes  were  applied. 


From  such  a  series  of  measured  inter-nodal  distances  the  most  proba- 
liie  value  of  tbe  wave  lciii:th  was  calculated  from  tbe  formnla, 

(„_l){a,_a,)  +  (n-3}(an-i-a,)  ■  


ivher(>  II  In  till*  number  of  setting",  and  a,-a,-ii,  are  the  resiiei'tlve  settings. 
The  writer  is  indebted  to  Mr.  P.  P.  Koch  for  a  complete  calibration  of 
the  briisH  sculc  used.  In  terms  of  the  standard  meter  bar  nelonging  to  the 
Institute.  fiirrpspoiidliiK  correi-tions  have  boon  computed  and  applied  to 
all  the  niensuremcnts  of  Ixith  serleti. 
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Pbocedire,  Series  I. — For  this  series  of  measurements  tlie  tube  A  was 
kept  at  steam  temperature,  while  the  tuix»  B  was  packed  In  melting  ice. 
The  tubes  were  first  carefully  dcanetl,  washed  with  acid  and  alkali  solu- 
tions, rinsed  and  drie<l,  then  mounted  in  place  as  in  Fig.  2.  Dry  air  free 
from  CO2  was  drawn  through  them  for  some  time,  meanwhile  gently 
warming  them  witli  bunKcn  burners.*  A  small  amount  of  the  quartz  powder, 
previously  heated  and  cooled  in  a  dcssi<*ator,  wis  Introdui'ed,  and  the  dry 
air  suction  contliuied  for  s  mie  time.  The  ai)paratus  was  ihen  riicked  and 
tilted  as  described  above  in  order  to  effect  a  proper  distribution  of  the 
powder,  steam  was  admitted  about  A  and  the  ice  bath  phu*ed  ab:mt  B. 
After  a  i>eriod  ranging  from  one  to  two  hnurs,  with  lM)th  tubes  open  to 
the  atmosphere  through  the  drying  train,  the  glass  rod  was  rubbeii,  the 
temperatures  and  atmospheric  pressure  were  observed  and  the  steam  and 
ice  baths  were  withdrawn.  After  some  hours  the  figures  were  measured 
in  the  manner  above  des<Til)ed.  The  thernumicters  used  were  fretiuently 
compared  with  standards,  and  the  temperature  in  the  steam  jacket  was 
constantly  che/ked  from  standard  barometer  readings.  One  com;)lete  set 
of  average  wave  length  measurements  is  gi>cn  in  table  I,  and  the  data  for 


eight  such  experiments,  together  with  calculated  values  of 
given  in  table  II. 


are 


^1  0( 


Tube  A,  in  Stram. 

Tvbe  B,  in 

Melting  Ice. 

55.43 

/ 

63.73 

/ 

93.50 

38.07 

96.47 

32.74 

132.13 

38.63                 I 

129.23 

32.76 

170.37 

38.24 

162.03 

32.80 

208  80 

38.43 

194.50 

32.47 

246.80 

38.00 

227.60 

33.10 

285.13 

38.33                  1 

260.80 

33.20 

323.47 

38.34 

293.77 

32.97 

361.60 

38.13 

326.03 

32.26 

399.95 

38.35                 1 

•      358.97 

32.04 

438.17 

38.22 

391.63 

32.66 

476.23 

38.06 

424.93 

32.30 

514.33 

38.10 

457.87 

32.94 

553.10 

38.77 

490.50 

32.63 

591.20 

38.10                 1 

I 
1 

523.10 
556.00 
589.17 

32.60 
32.90 
33.17 

Most  probable 

value  of 

Most  probable  value  of 

^  —  38.262  mm.  _r- 

0.01, 

?  =  32.838  mm. 

*    0.01. 

e  —  0.225  mm. 

'                 e  -  0.279. 

Table  1. 
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From  the  mean  value  of  X  from  table  II,  it  would  appear  that  the 
value  does  not  vary*  from  unity  by  more  than  one-tenth  of  one  per  cent 
An  unfavorable  combination  of  errors  could  affect  the  single  values  by 
three- tenths  of  one  per  cent 


Tube  A.  in  Stmm. 

1 

Tube  B,  in  Ice  Both. 

Exp. 

^meaa. 

A  cor. 

T.abs. 

^meas. 

^oor. 

T.abs. 

JLo_. 
kjoo 

I 

38.287 

38.325 

370.80 

32.862 

32.867 

272J6 

1.000758 

2 

38.262 

38.290 

370.76 

32.838 

32.842 

1.000485 

3 

38.803 

38.339 

371.12 

32.860 

32.864 

1.000707 

4 

38.234 

38.271 

370.49 

32.846 

32.851 

1.001770 

5 

38.252 

38.288 

370.67 

32.843 

32.848 

1.001180 

6 

38.275 

38.312 

370.87 

32.807 

32.811 

0.99S216 

7 

38.231 

38.268 

370.84 

32.863 

32.869 

1^)03972 

8 

38.291      1       38.328 

370.91 

32.865 

•1  r 

32.869      ;  1 

1.001020 

mean  1.001013 
-+-OiK)0876 

Table  2. 

Procedure,  Series  II.  For  the  second  series  of  measurements  the  pro- 
cedure was  substantially  the  same  as  that  for  the  first.  Carefully  dried 
and  purified  nitrogen  was  Introduced  into  the  tubes.  The  upper  tube  sur- 
rounded by  cotton  and  enclosed  in  the  double  walled  jacket,  was  allowed  to 
assume  the  temperature  of  the  room,  its  thermometer  being  read  through 
the  mica  windows.  The  lower  tube,  2.2  cm.  In  diameter,  was  Immersed  in 
the  liquid  air  bath,  the  top  of  the  tube  being  2  or  3  cm.  below  the  surface. 
Temperatures  of  the  liquid  air  were  read  by  means  of  a  constantan-lron 
thermo-Junctlon  and  a  sensitive  mi  Hi  voltmeter,  which  was  provided  with 
a  calibration  curve  from  the  Reichsanstalt.  These  temperatures  were 
checked  by  evaporating  samples  of  the  liquid  air,  mixing  with  hydrogen 
and  exploding  by  means  oi*  an  electric  spark  In  a  eudiometer  tube.  From 
percentages  of  oxygen  thus  found  temperatures  were  interpolated  from 
Baly's  curves." 


"  Phil.  Mag.  49,  June  1899. 
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Tube  A,  at  Room  Temp. 


44.88 
7938 
113.07 
147.90 
182.42 
217.15 
251.87 
286.22 
319.85 
354.57 
380.60 
423.70 
457.15 
492.17 
526.47 
561.42 


X 
3430 
33.69 
34.83 
34.55 
34.70 
34.72 
34.35 
33.63 
34.72 
35.03 
34.10 
33.45 
35.02 
34.30 
34.95 


Modt  probable  value  of 
X  =  34.421  ±  0.016. 
e  -  0.44. 


Tube  B,  in  Liquid  A  ir. 


179.12  A 

196.75  17.63 

215.03  18^ 

233.33  1830 

25U7  18.04 

270.20  18.83 

288.27  18,07 

306.15  17.88 

32437  18.22 

342.60  18.23 

360.18  17.58 

378.80  18.62 

396.72  17.92 

415.43  18.71 

43332  17.89 

451.18  17.86 

469.55  1837 

487.75  18.20 

506.75  18.00 

524.03  18.28 

541.97  17.94 

55932  1735 

587.15  18.35 

Mo3t  probable  value  of 
X  =  18.152  =b  0.007, 
e  —  032. 


Table  3. 


Ttd>e  A,  in  Liquid  Air. 

Tube  B,  in  Room  Temp. 

Exp. 

Vm. 

T.  abs. 

Xmeas. 

X  cor. 

T.  abs. 

X  meas. 

X  cor. 

P- 

k.1 
k 

1 

7.21 

83.46 

82.85 
81.18 

18.152 
18.096 

18.133 

293.59 

34.421 

34.433 

72.55 

72.4 

1.0477 

2 

7.23 
7.285 

18.076 

294.84 

34.502 

34.514 

1.0498 

3 

17.938 

17.917 

295.24 

34.555 

34.572 

72.1 

1.0553 

4 

7.225 

83.00 

18.011 

17.994 

296.84 

34.704 

34.706 

72.0 

1  0836 

5 

7.200 

83.76 

18.195 

18.176 

296.04 

34.593 

34.606 

72.0 

1  0464 

6 

7.200 

83.76 

18337 

18.118 

296.64 

34.608 

34.623 

72.5 

1.0523 

met 

m  1.0475 
=  0.002 

Table  4. 


[13—26988] 
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About  five  liters  of  liquid  air  were  required  for  an  experiment.  The 
tube  was  left  in  the  bath  for  about  one  hour  before  the  glass  rod  was 
sounded.  Corrections  were  applied  for  scale  errors  and  for  the  expansion 
of  the  tube  prior  to  measurement.  The  coefficient  of  expansion"  for  glass 
at  liquid  air  temperature  was  taken  as  0.0000073. 

One  complete  set  of  average  wave  length  measurements  for  an  experi- 
ment is  given  in  table  III,  and  the  assembled  data  together  with  the  calcu- 

lated  values  of   —  are  given  in  table  IV.    The  subscripts  relate  to  liquid 

k 
air  temperatures.    All  temperatures  are  referred  to  — 273** .04  as  the  abso- 
lute zero". 

ki 
Any  change  in  T  will  alter   inversely  in  about  the  same  ratio. 

k 
Temperatures  were  probably  accurate  to  one-ftfth  of  one  per  cent.    An  un- 
it, 
favorable  combination  of  errors  might  invest  with  an  error  of  one- 

k 
half  of  one  per  cent 

From  the  results  in  table  IV  it  would  appear  that  k  for  liquid  air 
temperature  is  something  more  than  four  per  cent  greater  than  for  ordi- 
nary temperatures,  about  22*  C. 


"Phil.  Mas.  49,  June,  1890. 
"Ann.  der  Physik  9,  p.  1149. 

Purdue  University,  Dee.,  1910. 
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Investigation  Concerning  The  Reichert-Meissl  No.  and 
THE  Rate  of  Distillation  of  the  Volatile 

Acids  in  Butter  Fat. 


By   Geoboe  Spitzek. 


In  11K)0  J.  Delaite  aud  J.  Legraml  (Bui.  Soc.  Chlm.  Belg.)  Investigated 
the  determination  of  the  volatile  acid.  He  found  the  R.  M.  No.  to  increase 
when  saponification  was  continued  from  one-fourth  to  six  hours.  This 
they  claimed  was  due  to  depolymerization. 

In  the  regular  work  of  the  laboratory  no  such  variation  was  ob- 
served in  the  routine  work  of  determining  the  volatile  acids.  The  time 
of  saponification  varied  from  one  to  one  and  one-half  hours. 

To  determine  the  effect  of  continuing  the  saponification  on  the  per  cent, 
of  volatile  acids  obtained  by  the  Reichert-Meissl  process,  10  determinations 
were  made  using  the  same  butter  fat  and  following  the  A.  O.  A.  C.  method, 
(p.  189,  1908),  the  saponification  being  carried  out  under  method  (a),  under 
pressure  with  an  alcoholic  solution  of  potassium  hydrate.  The  saponifica- 
tion fiasks  were  completely  submergecl  in  a  steam  bath  at  a  temperature 
of  105°  C.  This  was  done  to  insure  a  more  uniform  temperature  during  the 
time  of  saponification. 

The  time  of  saponification  varied  from  l.'^  minutes  to  two  and  one-half 
hours.  The  quantity  of  butttr  fat  taken  was  as  near  five  grams  as  could 
be  weighed  accurately.    The  result  calculated  on  the  basis  of  five  grams. 

In  distilling  the  volatile  acids  the  conditions  were  kept  as  uniform  as 
it  was  practical,  the  rate  of  distillation  being  so  regtilated  that  110  c.c, 
the  required  amount  was  distilled  in  30  minutes. 

Ten  determinations  were  made.  The  results  are  shown  in  the  follow- 
ing table. 

Table  I. 

Showing  the  Effect  of  Time  of  Saponification. 


Time  in  iriin^itf;). 

15 
28.32 
4.08 

30 

28.25 
4.97 

45 
28.35 

60 
2ft  20 

75 
28.29 

90 
9fl  'in 

105 

28.35 

4.99 

120      135 

1 

28.32  28.28 

4.98   4.97 

1 

150 

Rachert-Meiasl  No 

28.31 

Per  cent.  Vol.  Acid  as  Butyric 

4.99    4  OS 

4.98    4  07 

4  98 
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Some  allowance  must  be  made  In  the  time  factor,  slight  saponificaticm 
taking  place  before  placing  in  the  steam  bath,  also  during  the  time  of  cool- 
ing after  removing  the  flasks.  But  it  will  be  observed  that  this  factor  was 
uniform  for  the  10  determinations. 

From  the  figures  in  Table  1.  no  such  variations  are  indicated  as  re- 
TX)rted. 

Some  of  the  factors  which  influence  the  Reichert-Meissl  No. 
Rate  of  distillation. 

Failure  to  remove  alcohol   (when  used). 
Size  of  distilling  flask. 

Absorption  of  carbonic  acid  and  quantity  of  fat  taken. 
All  those  factors  are  under  the  control  of  the  operator  and  constant 
results  are  obtained  by  observing  uniform  conditions. 

The  rate  of  dist illation  of  the  volatile  acid  by  the  Reichert-Meissl  process, 
also  the  rate  of  distillation  of  the  volatile  acids  hy  distillation  with 
steam. 

In  determining  the  rate  of  distillation  of  the  volatile  acids  by  the 
Reichert-Meissl  process,  the  distillate  was  collected  in  fractions  of  10  c.c. 

N 
and  titrated  with       .  NaOH. 

10 

N 
The  number  of  cubic  centimeters  of  alkali  required  to  neutralize 

10 

each  fraction  are  tabulated  In  Table  II,  also  the  per  cent,  acid  calculated 

as  butyric  acid  based  on  five  grams  of  butter  fat  taken. 


--» 


Table  II. 
Showing  Rate  of  Distillation  hy  the  R.  M.  Process. 


No. 


N 
C.  C. NaOH  

10 
Per  cent.  vol.  acid  as  butyric. . 


1. 

2. 

3.       4. 

5. 

8. 

7. 

8. 

9. 

10. 

11. 

4.6 

4.2 

3.8  '  3.4     3. 

2.6 

2.2 

1.9 

1.5 

1.3     1.0 

1 

.81 

.74 

.67      .60 

1 

.63 

.45 

.38 

.» 

.26 

.23 

.17 

Total 

29  50 

5.19 


From  Table  II  it  will  [ye  seen  that  the  first  fraction  of  10  c.c.  of  the 
distillate  contains  15.6  per  cent,  of  the  total  volatile  acid,  uniformly  de- 
creasing to  the  11th  fraction,  which  contains  only  three  per  cent,  of  the  total 
volatile  acid. 
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Plotting  the  above  results,  the  volume  distilled  as  abscissa  and  the 

N 
number  of  c.c.  of  alkali  used  to  neutralize  the  distillate,  we  obtain  the 

10 

following  graphical  representation  of  the  R.  M.  process  of  distillation. 


The  total  number  of  c.c.  required  to  neutralize  the  volatile  acid  was 
29.5  c.c.  corresponding  to  5.19  per  cent,  of  acid  calculated  as  butyric  acid. 
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By  the  Relchert-Meissl  process,  we  obtain  only  a  certain  fraction  of  the 
total  volatile  acids  and  which  is  fairly  constant  if  carried  out  under  stand- 
ard methods. 

To  determine  the  relation  of  the  volatile  acids  obtained  from  the  B.- 
M.  process  of  distillation  to  the  total  volatile  acids,  distillation  was  made 
with  steam.  By  this  means  it  is  possible  to  estimate  the  total  volatile 
acids.  The  usual  method  of  saponification  and  precautions  were  taken  as 
in  the  R.-M.  process. 

One  thousand  c.c.  were  distilled  with  steam  and  an  allgmuent  por- 
tion titrateii  which  gave  a  total  of  6.03  per  cent,  volatile  acid  as  butyric 
acid.  In  the  R.  M.  process,  5.19  per  cent,  of  acid  was  obtained  from  the 
same  butter  fat.  Thu.s  we  .see  that  only  8(>  per  cent,  of  the  total  per  cent, 
of  volatile  acids  were  obtninetl  by  the  R.  M.  process. 

The  Rate  at  which  the  Volatile  Adds  Distill  hy  Means  of  Steam. 

The  same  method  was  used  as  In  the  previous  experiment  in  determin- 
ing the  total  volatile  acids.     The  distillation  was  collected  in  portions  of 

N 
50  c.c.  and  titrated  with NaOH.      Twenty  fractions  were  titrated  and 

10 

the  result  shown  in  Table  H. 

Table  III. 


No 


1. 


N 


C.C. NaOH 112.7 

10 
Per  cent.  vol.  Mid  as  butyric 2.03 


No 


N 
C.C. NaOH 

10 
Percent,  vol.  acid  as  butyric. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

8.48 

5.58 

3.66 

2.4 

1.52 

1.00 

.70 

.60 

.45 

1.36 

.89 

.59 

.39 

.25 

.16 

.11 

.08 

.06 

12.      13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

.30      .25 

.21 

.20 

.18 

.15 

.14 

.13 

.10 

.047    .04 

.03 

.03 

i 

.028 

.023 

.022 

.021 

.017 

11. 

.30 
.047 


Total 

38.74 

6.22 


The  weight  of  butter  fat  taken  for  the  experiment  as  shown  in  Table 
II  was  5.50  grams.  The  i)er  cent  of  volatile  acid  and  distillate  is  based 
on  five  grams  of  fat. 

From  Table  II  It  is  seen  that  the  first  fractions  contained  the  greater 
part  of  tlie  volatile  acids,  decreasing  rapidly  after  the  second  fraction,  and 
that  the  volatile  acids  are  practically  all  distilled  when  1000  c.c.  have 
been  collected. 
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N 
Plotting  the  c.c.  distilled  as  abscissa  and  the  c.c.  of   alkali  re- 

10 
quired  to  neutralize  the  distillate  as  ordlnates,  we  get  a  curve  quite  differ- 
ent from  the  one  obtained  by  the  Reichert-Meissl  process. 


CC    ^  AfmOA^ 


I 


In  distillation  by  the  R.-M.  process  and  distillation  with  steam,  we 
meet  with  different  conditions. 
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In  neither  case  Is  the  vapor  saturated  with  the  volatile  acids  of  butter 
fat  during  the  i)eriod  of  distillation  and  the  liquids  In  the  still  are  made 
up  of  water  and  the  insoluble  fatty  acids. 

The  vai>or  pressures  of  tlie  volatile  acids  differ  and  their  solubility  in 
water  and  fatty  acids  influence  the  water  of  distillation. 

Of  two  acids  having  approximately  the  same  vapor  pressure,  the  one 
which  is  least  soluble  In  the  mixed  liquid  will  distill  the  faster. 

Combining  the  factors,  solubility  in  water  and  in  the  fatty  acids,  a 
mathematic^il  exi)resslon  for  the  rate  of  distillation  becomes  only  ap- 
proximateJy  true. 

Theoretically/  if  we  do  not  keep  the  volume  constant  as  is  the  case  in 
the  R.-M.  process  of  distillation,  that  is  by  making  no  addition  to  the  liquid 
In  the  still  during  distillation, 

dy  y 

The  equation  Is  _i_  -  a  -   *i"^  Integrating  we  get 

dx  X 

Log  y— a  Log  x-K*  or  y=x'. 

y  equals  amtnint  of  volatile  adds  left   in  solution  .uid  x  anumnt  of 

liquid  left  In  still,  the  original  amount  l>eing  taken  as  1. 

On  the  other  hand.  If  the  volume  Is  kept  constant  as  is  the  ease  in 

steam  distillation  x  becomes  constant. 

In  this  case  we  consider  the  quantity  of  water  removed  to  the  quantity 

of  volatile  acids  left  in  the  still. 

dv 
We  then  write  e<iuation :_  —  ^y.      Integrating  we  get  the  equation 

dx 

,  1 

— Log  y=ax-K*,  or  y=  — . 

ax 
y  =  amount  of  volatile  aclde  left  In  solution,  original  amount  being 

taken  as  1 ;  x  =  amount  of  water  and  volatile  acids  distilled. 

The  above  equations  do  not  take  into  account  tlie  condensation  in  the 

still. 


»  H.  D.  Richmond,  Analyst,  1908. 
S.  Young,  fractional  dlst Illation. 
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A  Convenient  La.bokatory  Device. 


By  J.  P.  Naylob. 


For  the  last  year  we  have  been  using  a  little  device  at  Minshall  labo- 
ratory that  has  proven  serviceable  in  so  many  ways  that  it  is  thought  that 
It  might  be  of  sutticient  interest  to  other  meml)ers  of  the  jHiysics  Section  to 
merit  bringing  it  before  you.  Used  in  connection  witli  the  **rniversal  Sup- 
ports," now  so  comnum  In  physicjil  laboratories,  the  piece  is  so  contrived 
as  to  be  adapted  to  a  large  number  of  eximrlmental  pur|M)ses. 

The  apparatus  consists  of  a  four  and  one-half  inch  circle  divided  to 
half  degrt^es,  and  supi>orted  by  a  hollow  spindle  or  axle.  The  spindle  Is 
carried  by  a  sleeve,  alwut  three  inches  long,  having  at  one  end  a  strong 
crossbar.  This  crossbar  is  fitted  at  one  end  with  a  vernier  reading  on  the 
divided  circle  to  three  minutes  of  arc  and  at  the  other  end  with  a  slow 
motion  screw  and  clamp  arranged  to  act  upon  tlie  circle.  The  hole 
through  the  spindle  will  take  a  ten  millimeter  rod  which  can  be  clamped, 
by  means  of  a  screw,  at  any  desired  point.  To  this  rod  are  attached  the 
various  pieces  that  make  it  possible  to  use  the  device  in  so  many  different 
ways.  In  fact,  it  Is  in  the  hollow  spindle  that  the  adaptability  and  general 
usefulness  of  the  apparatus  lies. 

Perhai)s  merely  mentioning  a  few  of  the  pur|)oses  for  which  it  t»an  be 
used  will  best  suggest  Its  adaptability  in  laboratory  or  investigation  work. 
It  can  be  used  for  measuring  tlie  torsion  of  wires  by  twisting,  for  the 
torsion  head  of  an  electro-dynamometer,  for  measuring  the  indices  of  refrac- 
tion of  plane  parallel  plates,  for  measuring  the  angles  of  prisms,  for  mak- 
ing up  a  Kohlrausch  total-retlectometer,  for  measuring  the  indices  of 
liquids  by  Wallaston's  nut^thod,  for  arranging  a  Wallaston's  goniometer, 
for  making  up  a  simple  polariscope  or  sacharimeter,  as  a  support  for  meas- 
uring the  angular  aperture  of  a  micros(*oi)e  objective  or  photograph  lens, 
and  for  many  other  purposes.  In  fact,  the  apparatus  can  be  used  in  a 
large  majority  of  cases  where  the  measurement  of  an  angle  Is  an  essential 
part  of  the  work.  The  figure  shows  the  use  of  the  apparatus  in  making  up 
a  Kohlrausch  total -reflectometer. 
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Further  Notes  on  Timothy  Rust. 


By  a.  G.  Johnson. 


At  the  last  two  anuual  meetings  of  the  Academy,  papers  on  timothy 
rust,  [Puecinia  poculiformls  (Jacq.)  Wett&t.],  were  presented  by  Mr. 
Frank  D.  Kern,  and  it  is  of  Interest  to  note  at  this  time  the  present  known 
distribution  of  the  disease  over  the  State  as  well  as  to  record  here  the 
extension  of  its  range  Into  other  States  and  provinces  from  which  It  has 
not  been  previously  reported. 

As  was  predicted  In  Mr.  Kern*s  papers,  the  distribution  of  the  rust 
has  become  more  general.  In  this  State  it  evidently'  occurs  wherever  timo- 
thy is  raised.  During  the  past  season  the  writer  has  collected  it  at  widely 
separated  points,  as  follows:  Mount  Vernon  (Posey  Co.)  on  the  south- 
west; Wirt  (Jefferson  Co.)  to  the  southeast;  Richmond  (WajTie  Co.), 
ea.st  central;  Columbia  City  (Whitley  Co.),  Laketon  (Wabash  Co.),  and 
Logansport  (Cass  Co.),  north  central;  LaFayette  (Tippecanoe  Co.),  west 
central.  Besides  these  collections,  specimens  of  the  rust  have  l>een  re- 
ceived from  Mr.  Guy  West  Wilson  and  Mr.  C.  D.  I^am,  both  collections 
from  Carmel  (Hamilton  Co.),  central;  and  it  was  reported  last  year  from 
Columbus  (Bartholomew  (^o.).  This  covers  the  State  in  such  a  way  as  to 
lead  one  to  be  reasonably  certain  that  the  rust  occurs  throughout  the 
State  wherever  its  host  does. 

In  addition  to  the  states  and  provinces  from  which  the  rust  has  been 
previously  reported,  s{>ecimens  have  been  received  from  Dr.  E.  W.  Olive, 
collected  at  Brookings,  S.  Dak.,  who  reports  it  as  common  there  this  year, 
although  not  previously  seen ;  from  Miss  Irma  A.  Uhde,  collected  at  Lake 
Okoboji,  Iowa ;  and  from  Prof.  W.  P.  Fraser,  Pictou,  Nova  Scotia.  These 
localities  in  additlim  to  those  noted  in  Mr.  Kern's  paper  last  year  make 
the  known  distribution  of  this  nist  in  North  America  as  follows.  S.  Da- 
kota, Minnesota,  Iowa,  Wisconsin.  Indiana,  Ontario,  New  York,  Maine  and 
Xova  Scotia. 

In  most  of  the  specimens  seen,  especially  those  from  Indiana,  the  sum- 
mer spores  (uredlnlospores)  were  much  the  more  abundant.  Winter 
spores  (teliospores)  developed  In  some  cases  but  not  abundantly.   In  certain 
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places  In  Jefferson  County,  the  rust  in  its  uredinial  stage  was  abundant 
this  year.  The  rainy  season  in  the  southern  part  of  the  State  favored  the 
development  of  the  fungus. 

At  LaFayette,  on  the  Experiment  Station  farm,  the  uredinial  stage  of 
the  rust  is  abundant  in  a  timothy  meadow,  which  was  sown  down  this 
spring.  The  rust  is  most  abundant  in  the  low  parts  of  the  meadow,  and 
even  as  late  as  at  this  writing  (Nov.  22nd*)  the  rust  sori  are  abundant  on 
the  green  blades. 

The  vitality  of  the  urediniospores,  collected  at  T-.aFayette,  Ind.,  Nov. 
22nd,  1910,  was  tested  by  means  of  hanging  drops  In  Van  negham  cells 
Spores  were  taken  both  from  the  green  blades  and  from  those  that  had 
been  killed  by  the  frost.  While  the  former  showed  much  the  more  vigor- 
ous germination,  the  vitality  of  the  spores  in  both  cases  proved  to  be  high. 
This  shows  that  they  have  withstood  the  cold  weather,  thus  far.  very  well, 
and  points  to  the  probability  that  the  rust  may  be  able  to  pass  the  winter 
here  In  the  uredinial  stage,  as  it  is  thought  to  do  in  Europe. 

From  the  above  conditions  it  seems  evident  that  timothy  rust  is  in 
North  America  to  stay,  and  Its  abundance  will  doubtless  vary  with  the 
varying  conditions  that  favor  or  check  Its  development.  Some  of  the 
conditions  that  seem  to  favor  the  development  of  the  fungus  are  a  heavy, 
luxuriant  growth  of  the  host  on  ground  that  tends  to  hold  moisture,  along 
with  rainy  weather  with  cool  nights  and  moderately  still,  warm,  but  not 
hot,  days.  Obviously,  the  opposite  set  of  conditions  tend  to  be  unfavor- 
able for  the  greatest  development  of  the  rust 

While  the  best  possible  attention  to  both  air  and  soil  drainage  will  no 
doubt  lessen  the  attacks  of  the  disease  to  some  extent,  yet  Its  ultimate 
control  doubtless  lies  In  the  field  of  the  plant  breeder.  The  production 
of  a  strain  of  timotliy  having  a  high  resistance  to  rust,  as  well  as  having 
at  the  same  time  the  best  forage  qualities,  would  be  of  vast  importance. 

Purdue  University  Agricultural  Experiment  Station,  Lafayette,  Ind. 


*  18  F.  Is  the  minimum   thus  far    (Nov.   22d)    at  Lafayette,  according  to  the 
official  reading  of  the  U.  S.  Weather  Bureau  at  this  station. 
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Indiana  Fungi. 


By  J.  M.  Van  Hook. 


For  many  years  fungdus  specimens  have  been  collected  at  Indiana  Uni- 
versity and  from  time  to  time  a  few  have  been  added  to  the  herbarium. 
During  the  past  four  years,  many  more  of  these  have  been  Identified, 
while  still  others  have  been  collected  and  determined.  It  occurred  to  the 
writer  that  a  preliminary  list  of  these  might  be  of  importance  to  certain 
members  of  the  Indiana  Academy  of  Science.  It  is  our  Intention  to  add 
to  this  number  as  rapidly  as  possible,  with  the  view  of  obtaining  ultimately 
as  complete  a  list  for  the  State  as  possible.  So  far,  previous  lists  have  not 
been  consulted.  No  species  is  included,  which  has  not  come  under  my  per- 
sonal observation.  In  a  future  paper,  it  is  the  writer's  intention  to  revise 
and  extend  the  list  with  dates  of  first  mention  in  Indiana,  or,  the  possible 
time  and  method  of  introduction  Into  the  State. 

Practically  all  of  the  specimens  have  been  collected  in  Monroe  and 
Brown  counties.  The  latter  offers  a  fine  field  for  mycological  study,  as 
some  of  the  original  forests  still  stand.  A  considerable  number  of  8i)eci- 
mens  have  been  obtained  In  my  home  county — Clark.  Its  knobs  with  their 
deep  hollows  between,  offer  probably  the  best  collecting  ground  in  the  State 
for  fleshy  fungi. 

So  far,  about  1,500  specimens  have  been  classified.  These  contain  some 
nOO  species  distributed  through  approximately  175  genera.  I  am  under 
obligation  to  Professor  G.  F.  Atkinson,  Dr.  C.  H.  Peck  and  Dr.  W.  \.  Mur- 
rlll  for  Identification  or  verification  of  some  of  the  fleshy  and  woody  forms. 

No  effort  will  be  made  to  secmre  a  long  list  of  the  rusts,  as  that  work 
is  already  so  thoroughly  done  by  Dr.  J.  C.  Arthur.  The  Myxomycetee  will 
be  studied  In  connection  with  the  fungi. 

In  order  to  facilitate  the  work  of  a  fungus  survey  of  the  State,  we 
would  kindly  solicit  specimens  (especially  of  the  Fungi  Imperfecti  group) 
accompanied  with  date,  place  of  collection  and  host  or  substratum. 
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PHYCOMYCETES. 

Albugo  bliti  (Biv.)  O.  Kuntze. 
*       Candida  (Pers.)  O.  Kuntze. 
**       ipomoea   panduranse    (Schw.) 
Swingle. 
Mucor  cucurbitarum  B.  &  C. 
Phycomyces  nitens  (Ag.)  Kze. 
Plasmopara  cubensis  (B.  &  C.)  Hum- 
phrey. 
*  viticola  (B.  A  C.)  Berl. 

&  De  Toni. 
Rhizopus  nigricans  Ehbg. 
Sporodinia  grandis  Link. 
Rynchytrium  decipiens  Farl. 

USTILABINEyE. 

Doassansia   sagittarise    (Westend.) 

Fisch. 
Ustilago,  levis  Kell.  &  Swing. 

UREDINEiE. 

iBcidium  dracontii  Schw. 
Cseoma  nitens  Schw. 
Gymnosporangium  macropus  Link. 
Melampsora  popuiina  (Jacq.)  Lev. 
Puccini  a  asparagi  DC. 

"        coronata  Cda. 

"         graminis  Pers. 

"         helianthi  Schw. 

"        malvacearum  Mart. 

**        podophylli  Schw. 

"        sorghi  Schw. 

**         violace®  (Schum.)  DC. 

"        xanthii  Schw. 
Uromyces  appendiculatus  (Pers.) 
Link. 
«  caladii  (Schw.)  Farl. 


"         euphorbise  Cke.  &  Pk. 
"  howei  Pk. 

trifolii  (A.  &  S.)  Wint. 

AURICULARIINF^. 

Auricularia  auricula-judse   (L.) 
Schroet. 

TREMELLINEiE. 

Exidia  glandulosa  (Bull.)  Fr. 
Guepinia  spathularia  Fr. 
Tremella  albida  Hud. 
**         my  ce  tophi  la  Pk 

THELEPHORACE^. 

Aleurodiscus  oakesii  (B.  &  C.)  Cke. 
Corticium  coerulium  (Schrad.)  Fr. 

"  scutellare  B.  &  C. 

Craterellus  cantharellus  (Schw.)  Fr. 
"  comucopioides  (L.)  Pers. 

Hymenochaete  ferruginea  (Bull.) 

Mass. 
Peniophora  cinerea  (Fr.)  Cke. 
Sebacina  incrustans  Tul. 
Stereum  bicolor  (Pers.)  Fr. 

"        complicatum  Fr. 

"        fasciatum  Schw. 

"        frustulosum  Fr. 

"        hirsutum  Fr. 

"        sericium  Schw. 

"        sowerbei  Mass. 

"        versicolor  (Schw.)  Fr 
Thelephora  palmata  Fr. 

"  schweinitzii  Pk. 

CLAVARIACEiE. 
Calocera  cornea  Fr. 
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Clavaria  fusiformis  Pers. 

"         mucida  Pers. 

"         pistillaris  Linn. 

**         P3rxidata  Pers. 
Sparassis  crispa  (Wulf.)  Fr. 

HYDNACRiE. 
Grandinia  granulosa  Fr. 
Hydnum  adustulum  Banker, 
adustum  Schw. 
arachnoideum  Pk. 
caput-medusse  Bull, 
carbonarium  Pk. 
combinans  Pk. 
coralloides  Scop, 
erinaceus  Bull, 
laciniatiim  Leers, 
mucidum  Pers. 
ochraceum  Pers. 
pulcherrimum  Pk. 
repandum  L. 
"        septentrionale  Fr. 
**        spongiosipes  Pk. 
**        zonatum  Batsch. 
Irpex  cinnamomeus  Fr. 
**      obliquus  Fr. 
"      tulipifera  Schw. 
Phlebia  radiata  Fr. 
Radulum  orbiculare  Fr. 
Tremellodon  gelatinosum  (Soop.) 
Pers. 

POLYPORACEyE. 
Boletinus  porosus  Berk. 
Boletus  aflfinis  Pk. 

**       alveolatus  B.  &  C. 

"       auriporus  Pk. 

"       bicolor  Pk. 

^       castaneus  Bull. 


u 


u 
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conicus  Rav. 
edulis  Bull, 
felleus  Bull, 
frostii  Russell, 
indecisus  Pk. 
luridus  Schaeff. 
magnisporus  Frost, 
modestus  Pk. 
nigrellus  Pk. 
omatipes  Pk. 
pallidus  Frost, 
purpureus  Fr. 
retipes  B.  &  C. 
scaber  Fr. 
separans  Pk. 
speciosus  Pk. 
subsanguineus  Pk. 
subtomentosus  L. 
**       subvelutipes  Pk. 
**       vermiculosus  Pk. 
Dsedalia  ambigua  Berk. 

*•        confragosa  (Bolt.)  Pers. 
"        quercina  (L.)  Pers. 
"        unicolor  Fr. 
Favolus  canadensis  Kl. 
Fistulina  hepatica  Fr. 
Fomes  applanatus  (Pers.)  Wallr. 
*      conchatus  (Pers.)  Fr. 
**       connatus  (Pers.)  Fr. 
"       fomentarius  Gill. 
"       graveolens  Cke. 
^       igniarius  Gill. 
«      ribis  (Fr.) 
Gloeoporus  conchoides  Mont. 
Lenzites  betulina  (L.)  Fr. 

flaccida  (Bull.)  Fr. 
*        sspiaria  Fr. 
vialis  Pk. 
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Merulius  lacrymans  (Jacq.)  Fr. 
rubellus  Pk. 
"        tremellosus  Schrad. 
Polyporus  adustus  (Willd.)  Fr. 
"  arcularius  (Batsch.)  Fr. 

"  brumalis  (Pers.)  Fr. 

"  cinnabarinus  Fr. 

"         dryadeus  Fr. 
"  fissus  Berk. 

"  flavovirens  Berk.  A  Rav. 

focicola  B.  &  C. 
frondosus  Fr. 
fumosus  (Pers.)  Fr. 
gilvus  (Schw.)  Fr. 
perennis  Fr. 
perplexus  Pk. 
picipes  Fr. 
pilotse  Schw. 
pubescens  Fr. 
radicatus  Schw. 
resinosus  (Schr.)  Fr. 
"         spraguei  B.  &  C. 
**  sulphureus  Fr. 

"  unicolor  Schw. 

Polystictus  abietinus  Fr. 

biformis  Klotzsch. 
cinnamomeus  Sacc. 
conchifer  Schw. 
hirsutus  Fr. 
pergamenus  Fr. 
versicolor  (L.)  Quel. 
Strobilomyces  strobilaceus   (Scop.) 

Berk. 
Trametes  peckii  Kalchbr. 

AGARICACEiE. 

garicus  campestris  Schaeff. 
"         placomyces  Pk. 


tt 
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Amanita  cothurnata  Atk. 
"        floccocephala  Atk. 

phalloides  Fr. 
"        rubescens  Fr. 
"        solitaria  Bull. 
**        strobiliformis  Vittad. 
"        verna  Bull. 
Aminitopsis  vaginata  (Bull.)  Roz. 

«   var.    alba. 
Armillaria  mellea  Vahl. 
Cantharellus  aurantiacus  Fr. 
cibarius  Fr. 
cinnabarinus  Schw. 
infundibuliformis  Fr. 
minor  Pk. 
"  wrightii  B.  &  C. 

Claudopus  nidulans  (Pers.)  Pk. 
Clitocybe  Candida  Bres. 
**         laccata  Scop, 
illudens  Schw. 
infundibuliformis  SchaefT. 
monadelpha  Morg. 
multiceps  Pk. 
ochropurpurea  Berk, 
odora  Bull. 
Clitopilus  abortivus  B.  &  C. 
Colly  hi  a  atratoides  Pk. 
confluens  Pers. 
dryophila  Bull, 
maculata  Alb.  &  Schw. 
platyphylla  Fr. 
radicata  Rehl. 
"        velutipes  Curt. 
Coprinus  atramentarius  (Bull.)  Fr. 
"         comatus  Fr. 
"        ebulbosus  Pk. 
"        micaceus  (Bull.)  Fr. 


tt 
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Cortinarius  alboviolaceus  Pers. 

"  obliquus  Pk. 

Craterellus  cantharellus  (Schw.)  Fr. 

"  comucopioides  Fr. 

Crepidotus  applanatiis  Pers. 
calolepis  Fr. 
dorsalis  Pk. 
mollis  Schaeff. 
versutus  Pk. 
Entoloma  griseum  Pk. 
strictus  Pk. 
subcostatum  Atk. 
Flammula  betiiUna  Pk. 
Galera  tcnera  Schaeff. 
Rygrophonis  ceraccus  (Wulf.)  Fr. 

"  coccineus  (Schaeff.)  Fr. 

"  conicus  (Scop.)  Fr. 

"  eburoeiRr  Buff. 

"  laursc  Morg. 

"  psittacinus  (Schaeff.) 

Fr. 
'  "  pudorinus  Fr. 

"  puniceus  Fr. 

"  sordidus  Pk. 

Hypholoma  appendiculatum  Bull. 
**  lacrvmabundum  Fr. 

"  sublateritium  Schaeff. 

Inocybe  fibrillosa  Pk. 

"        geophylla  (Sow.)  Fr.  var. 

lilacina  Pk. 
"        rimosa  (Bull.)  Fr. 
Lactarius  chrysorrheus  Fr. 
corrugis  Pk. 
deceptivus  Pk. 
deliciosus  Fr. 
distaos  Pk. 
gerardii  Pk. 

hygrophoroides  B.  &  C. 
[14—26988] 


u 
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insulsus  Fr. 
lignyotus  Fr. 
piperatus  (Scop.)  Fr. 
pliunbeus  (Bull.)  Fr. 
"         pyrogalus  (Bull.)  Fr. 

rufus  (Scop.)  Fr. 
"         scrobiculatus  Fr. 

serifluus  (DC.)  Fr. 
"         sordidus  Pk. 

subdulcis  (Bull.)  Fr. 
theiogalus  (Bull.)  Fr. 
"  trivialis  Fr. 

"         uvidus  Fr. 
"  vellerius  Fr. 

"         volemus  Fr. 
Lentinus  lepideus  Fr. 
*        ursinus  Fr. 
"         vulpinus  Fr. 
Lepiota  angustana  Britz. 
amerlcana  Pk. 
asperula  Atk. 
cepaestipes  Sow. 
"        granosa  Morg. 
"        morgani  Pk. 
"        naucinoides  Pk. 
"        procera  Scop. 
"        rubrotincta  Pk. 
Marasmius  candidus  (Bolt.)  Fr. 
"  cohserens  (Fr.)  Bres. 

"  rotula  Fr. 

"  siccus  Schw. 

Mycena  epipterygia  Scop. 
"        galericulata  Scop, 
hajmotopa  Pers. 
leajana  Berk, 
leptophylla  Pk. 
pura  Pers. 
Naucoria  semiorbicularis  Bull. 
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Nye  talis  asterophora  Frost. 
Omphalia  alboflava  Moy. 

*^         campanella  Batsch. 
Paneolus  campanulatus  L. 

"        retirugis  Fr. 

*  solidipes  Pk. 
Panus  stipticus  (Bull.)  Fr. 

«      rudis  Fr. 
Paxillus  panuoides  Fr. 
Pholiota  adiposa  Fr. 

**        seruginosa  Pk. 

"        caperata  Pers. 

^        flammans  Fr. 

"        marginata  Batsch. 

"        squarrosoides  Pk. 

^        togularis  Bull. 

*  unicolor  Vahl. 
Phylloporus  rhodoxanthus  (Schw.) 

Bres. 
Pleurotus  applicatus  Batsch. 
*^         abscondens  Pk. 
**         dryinus  Pers. 
"  ostreatus  Jacq. 

"         petaloides  Bull. 
"         sapidus  Kalchbr. 
**         serotinoides  Pk. 

*  ulmarius  Bull. 
Pluteus  cervinus  Schaeff. 

**        leoninus  Schaeff.  var,  coc- 
cineus  Cke. 
Russula  alutacea  Fr. 

basifurcata  Pk. 
compacta  Frost, 
crustosa  Pk. 
decolorans  Fr. 
densifolia  Seer, 
emetica  Fr. 
fcEtens  Fr. 


u 
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"        furcata  (Pers.)  Fr. 
^        granulata  Pk. 
**        mariae  Pk. 
"        nigricans  Fr. 
"       pectinatoides  Pk. 
"        variata  Banning. 
"        vetemosa  Fr. 
"        virescens  (Schaeff.)  Fr. 
Schizophyllum  commune  Fr. 
Stropharia  semiglobata  Batsch. 

"  viridula  Schaeff. 

Tricholoma  equestre  L. 
"  fumescens  Pk. 

"  personatum  Fr. 

**  russula  Schaeff. 

"  sejunctum  Sow. 

Volvaria  bombycina  (Pers.)  Fr. 
"        pusilla  Pers. 

PHALLINEiE. 

Dictyophora  duplicata  (Bosc.)  Ekl. 

Fisch. 
"  ravenelii  (B.  &  C.) 

Burt. 
Mutinus  caninus  (Huds.)  Fr. 

LYCOPERDINEiE. 

Calvatia  coelata  Bull. 

"         cyathiforme  (Bosc.) 

"        gigantea  (Schaeff.)  Batsch. 

Lycoperdon  gemmatum  Batsch. 
"  pyriforme  Schaeff. 

NIDULARIINEiE. 

Crucibulum  vulgare  Tul. 
Cyathus  stercorius  (Schr.)  De  Toni 
"        striatus  (Huds.)  Hoffro. 
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PLECTOBASIDIINEiE. 

Scleroderma  tenerum  B.  &  C. 
"  vulgare  Homem. 

ASCOMYCETES. 

Anthostomella  ostiolata  Ell. 
Bulgaria  inquinans  (Pers.)  Fr. 
Chlorosplenium  flDruginosum  (CEid.)  de 

Not. 
Cordyceps  herculea  (Schw.)  Sacc. 

"  militaris  (L.)  Link. 

Daldinia  concentrica  (Bolt.)  Ces.  & 

deN. 
Diatrype  albopruinosa  (Schw.)  Cke. 
"         stigma  (Hoflfm.)  Fr. 
*         virescens  (Schw.)  E.  &  E. 
Diatrypella  prominens  Howe. 
Dichsena  ferruginea  <Pers.)  Fr 
Dimerosporium  collinsii  (Schw.) 

Thuem. 
Erysiphe  cichoracearum  DC. 

"         graminis  DC. 
Exoascus  deformans  (Berk.)  Fckl. 
Glceoglossimi  gelatinosum  (Pers.) 

Durand. 
Gibberella  saubinettii  (Mont.)  Sacc. 
Gloniura  simulans  Gerard. 
Gyromitra  gigas  (Krombh.)  Cke. 
Helotium  citrinum  (Hedw.)  Fr. 
Hypomyces  lactifluorum  (Schw.)  Tul. 
"  roeellus   (Alb.  &  Schw.) 

Tul. 
Hypoxylon  annulatum  Schw. 

**  atropunctatum    (Schw.) 

Cke. 
**  coccineum  Bull. 

**  cohserens  (Pers.)  Fr. 

**  fuscum  (Pers.)  Fr. 


(( 


howeianum  Pk. 
investiens  (Schw.)  Berk, 
petersii  B.  &  C. 
turbinulatum  Schw. 
Hysteriographium  gloniopsis  (Ger.) 

E.&C. 
Lachnea  erinaceus  Schw. 

**        scutellata  L. 
LflBstadia    bidwellii    (Ell.)    Viala    & 

Ravaz. 
Leotia  lubrica  (Scop.)  Pers. 
Microsphfiera  alni  (DC.)  Wint. 

**  elevata  Burr. 

Morchella  conica  Pers. 

**  esculenta  (L.)  Pers. 

"         semilebra  DC. 
Nectria  cinnabarina  (Tode)  Fr. 

**        ipomoea;  Hals. 
Nummularia  bulliardi  Tul. 

«  discreta  (Schw.)  Tul. 

"  tinctor  (Berk.) 

Otidea  aurantia  (Pers.)  Mass. 
Peziza  repanda  Wahl. 
"       succosa  Berk. 
"      vesiculosa  Bull. 
Phyllachora  graminis  Pers.)  Fckl. 
Phyllactinia  suffulta  (Reb.)  Sacc. 
Plowrightia  morbosa  (Schw.)  Sacc. 
Podosphaera  oxycanthe  (DC.)  De  By. 
Pseudopeziza  mcdicaginis  (Lib.)  Sacc. 

«  trifolii  (Pers.)  Fckl. 

Rhytisma  andromadse  (Pers.)  Fr. 
Rosellinia  aquila  (Fr.)  De  N. 

"         medullaris  Ces.  &  De  N. 
Sclerotinia  fructigena  Pers. 
Scorias  spongiosa  (Schw.)  Fr. 
Sarcocypha  coccinea  (Jacq.)  Cke. 
SphsBrella  fragarise  (Tul.)  Sacc. 
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Sphserographium  fraxini  (Pk.)  Sacc. 
SphaBFotheca  pannosa  (Wallr.)  I^ev. 
Tuber  nifum  Pico. 
Uncinula  salicis  (DC.)  Wint. 
Urnula  craterium  (Schw. )  Fr. 
Ustulina  vulgaris  Tul. 
Valsa  leucostoma  (Pers.)  Fr. 
Venturia  pomi  (Fr.)  Wint. 
Xylaria  castorea  Berk. 

"        hjrpoxylon  (L.)  Grev. 

*        polymorph  (Pers.)  Grev. 

FUNGI  IMPERFECTI. 

Sphwropsidales. 

Actinonema  rosae  (Lib.)  Fr. 
Ascochyta  pisi  Lib. 
Cicinnobolus  cesatii  De  By. 
Cytospora  persicae  Schw. 
Diplodia  zeaj  (Schw.)  I^v. 
Entomosporium  maculatum  (Cke.) 

Sacc. 
Darluca  filum  (Biv.)  Cast. 
Leptothyrium  pomi  (Mont.  &  Fr.) 

Sacc. 
Phoma  polygramma  (Fr.)  Sacc.  var. 

Plantaginis.     Sacc. 
Phyllosticta  ampelopsidis  Ell.  & 

Mart. 
**  prunicola  (Op.)  Sacc. 

Septoria  graminum  Desm. 
"         lycopersici  Speg. 
piricola  Desmz. 
podophyllina  Pk. 
rubi  West, 
trill ii  Pk. 
Sphaeronemafimbriatum  (Ell.  &  Hals.) 
Sacc. 


u 
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Sphaeropsis  grandinea  E.  <&  E. 

"  malorum  Berk. 

Vermicularia  circinans  Berk. 

Melanconiales. 

Colletotrichum  lindemuthianum 
(Sacc.  &  Mitgn.)  Bri.  &  Cav. 

Cylindrosporium  padi  Karst. 

Marsonia  brunneum  E.  &  E. 
"         ochroleuca  B.  &  C. 

Hyphomycetes. 

Acrostalagmus  cinnabarinus  (Pers.) 

Cda. 
Altemaria  brassicae  (Berk.)  Sacc.  var. 
macrospora.    Sacc. 
"  solani  (E.  &  M.)  Jones  & 

Grant. 
Botrytis  vulgaris  Fr. 
Cephalothecium  roseum  Cda. 
Cercospora  apii  Fres. 

"  beticola  Sacc. 

condensata  Ell.  &  Kell. 
viticola  (Ces.)  Sacc. 
Cladosporium  carpophilum  Thuem. 
Fumago  vagans  Pers. 
Helminthosporium  carpophilum  Lev. 
"  inconspicuimi  C.  & 

Ell. 
Piricularia  grisea  (Cke.)  Sacc. 
Polythrincium  trifolii  B.  &  C. 
Streptothrix  atra  B.  ife  C. 
Stysanus  stemonites  (Pers.)  Cda. 
Tubercularia  vulgaris  Tode. 
Zygodesmus  fulvus  Sacc. 

Indiana  University^ 

Bloomington,  Ind. 
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Steccherinum  Septentrionale  (Fr.)  Banker  in  Indiana. 


By  Howard  J.  Banker. 


The  fungus  heie  considered  Is  perhaps  better  known  as  Hjfdiium  sep- 
tentrionale (Fr.).  Although  a  large  and  conspicuous  plant  it  appears  to 
have  attracted  very  little  attention  if  we  are  to  judge  by  the  referen(»es 
to  it  in  literature.  In  the  entire  series  of  Just's  Botanischer  Jahrsbericht 
covering  a  period  of  more  than  twenty  years  I  did  not  find  a  single  refer- 
ence to  this  species.  As  to  size  it  possesses  the  uniiiue  distinction  of  being 
by  far  the  largest  representative  of  the  family  of  the  IlydnaceiP,  if  not  in- 
deed being  able  to  lay  claim  to  the  first  place  in  this  respect  in  the  entire 
fungal  world.  A  specimen  that  recently  came  under  the  writer's  observa- 
tion and  which  is  the  occasion  of  this  paper,  after  being  damaged  and  a 
portion  of  it  lost,  weighed  35  lbs.  The  whole  mass  measured  30  cm.  long,  or 
in  its  projection  from  the  substratum,  58.  cm.  wide,  and  40.  cm  high.  I 
should  not  be  surprised  if  specimens  were  to  be  found  considerably  e.\- 
ceeding  this  in  size. 

The  formation  of  the  sporophore  Is  somewhat  peculiar.  The  mycelium 
emerges  from  the  main  tnmk  of  the  tree  through  some  small  opening  such 
as  the  hole  formed  by  a  dead  limb.  In  the  ease  of  the  plant  here  shown 
it  emergetl  under  the  base  of  the  tree  in  a  crevice  formed  by  the  diver- 
gence of  buttress-like  roots  and  where  there  was  a  small  opening  apparently 
into  the  heart  of  the  tree.  In  every  case  that  I  have  observed,  the  opening 
has  not  been  over  ten  centimeters  in  diameter  and  is  out  of  all  proportion 
to  the  size  of  the  sporophore.  On  emerging  from  the  hole  the  mycelium 
apparently  grows  radially,  spreading  In  close  adhesion  to  the  substratum 
and  forming  outwardly  a  series  of  overlap])lng  or  imbricate  pllei.  The 
first  impression  Is  that  the  mass  is  thoroughly  roote<i  In  the  tree  at  all 
points  and  can  be  removed  only  by  breaking  it  in  pieces  or  by  cutting  out  a 
portion  of  the  tree.  However,  it  will  be  found  that  no  stronger  Implements 
than  one's  fingers  are  sufllclent  to  remove  the  si>e<*imen  intact,  for  its  at- 
tachment to  the  bark  is  very  slight  and  the  fingers  can  easily  be  forced 
between  the  fungus  and  the  tree,  pushing  it  off  until  the  small  cord  of 
mycelium  which  forms  the  real  point  of  attachment  is  broken. 
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For  weeks  after  the  removal  of  the  fungus  the  spot  on  the  tree  where 
it  had  been  can  be  detecteil  by  its  lighter  color,  looking  as  if  It  liad  been 
cleaned.  There  are,  however,  no  other  external  uinrks  of  the  effect  of  the 
fungus  and  the  tree  appears  to  suffer  little  vital  injury.  Some  six  years 
ago  a  fine  specimen  was  found  growing  on  a  l)eeLh  at  a  height  of  12  or 
15  feet  from  the  ground  in  the  dooryard  of  Dr.  Edwin  Post  in  Greencastle. 
The  tree  is  still  living  and  apparently  thriving.  The  top  of  the  tree  has 
been  cut  off  or  broken  out,  apparently  many  years  ago  and  certainly  prior 
to  infection  by  the  fungus.  The  plant  d(K»s  not  seem  to  kill  the  tree,  bur 
such  a  fungal  mass  could  hardly  be  produced  without  considerable  injury. 
The  fungus  has  been  observed  only  on  large  Irees  a  foot  or  more  in  diame- 
ter. The  writer  has  not  been,  able  to  exam i lie  the  wood  of  a  tree  attacked 
by  the  fungus,  but  it  seems  probable  that  the  mycelium  nniy  be  confined 
to  the  heart  wood,  which  would  acrount  for  the  little  injury  done  to  the 
growing  tree,  as  well  as  the  fact  of  its  confinement  to  old  trees. 

It  seems  probable  also  that  the  sporoi)hores  are  prcniuced  from  small 
openings,  because  these  offer  a  suitable  path  of  exit  through  the  sap-wood. 
It  may  appear,  therefore,  strange  to  speak  of  the  plant  as  a  parasite ;  but 
while  its  mycelium  may  be  confined  in  its  vegetative  state  to  the  non-living 
heart-wood.  It  is  also  true  that  the  fungus  api)ears  to  be  confined  to  living 
trees  and  Is  never  tound  on  dead  trunks,  whether  standing  or  fallen. 

The  plant  seems  to  prefer  the  beefh  as  its  host.  It  has  been  reported 
as  growing  on  maple  and  i)erhai>s  hickory  In  the  East,  where  beech  is  not 
very  abundant.  I  have  never  seen  the  i)lant  in  nitu  on  the  latter  hosts, 
and  illustrations  suggest  the  possibility  of  the  plant's  being  more  or  less 
distinct  In  character  from  the  one  found  on  l>ee<*h.  The  original  descrip- 
tion and  figure  by  Fries  was  from  si>ecimens  found  on  bet»ch  in  Sweden. 
These  are  in  every  respect  typical  of  si)ecimens  found  here  in  Indiana.  1 
have  seen  no  entire  spei'imens  of  the  F]uroi)esin  fonn  on  beech.  At  Upsala 
there  is  in  the  herbarium  an  entire  si)ecimcn  of  extraordinary  size  that 
was  found  growing  on  Linden  in  the  Botanical  (iarden  of  the  University. 
Although  the  specimen  is  dried,  it  is  evident  at  sight  that  the  plant  pre- 
sents some  striking  differences  from  our  Indiana  i)lants.  The  i)ilei  are 
much  smaller,  thinner,  more  numerous  and  more  distinct,  the  color  cinereous 
rather  than  creameus,  and  the  teeth  somewhat  shorter.  It  is  only  after 
closer  examination  that  one  hesitates  to  pronounce  it  a  distinct  species. 
Fries  makes  mention  of  the  plant's  being  found  on  elm  In  the  same  Bo- 
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tanical  Garden,  and  names  a  variety,  hortemw,  found  on  the  latter  host. 
So  far  as  I  kncnv,  the  plant  has  never  been  ohser\'ed  in  this  country  either 
on  linden  or  elm.  It  is  possible  that  the  iurtuem-e  of  the  host  may  affect 
somewhat  the  growth  of  the  plant,  if  these  are  all  6ne  si>ecies.  This  is  a 
point  that  needs  further  investigation. 

The  immense  sporophore  is  a  single  season's  growth  and  it  seems 
probable  is  produced  very  rapidly  in  the  course  of  a  few  weeks  in  August 
and  September,  reaching  maturity  about  the  first  of  Octol)er.  The  form 
found  on  maple  in  the  east  has  been  observed  to  fruit  several  years  in  sue 
cession,  and  Fries  si>eaks  of  the  plant  as  growing  annually  on  elm  at  Up- 
sala.  The  beech  in  Dr.  Post's  yard  two  years  later  produced  a  small  fiui- 
gal  growth,  but  too  high  up  to  be  sure  of  its  character,  since  which  time 
no  further  growth  has  been  observed.  The  tree  on  which  the  present 
growth  was  found  gave  no  indications  of  any  previous  growths.  Other 
observations  lead  me  to  l)elieve  that  it  is  not  usual  for  the  beech  fungus  to 
fruit  annually  for  a  serie.s  of  years.  IIow  long  the  mycelium  lives  In  the 
tree  is  unknown. 

The  spores  are  produced  in  enormous  numbers,  but  seemingly  for  only 
a  few  days.  On  my  first  visit  to  this  plant,  October  17,  no  spore  fall  was 
observed,  but  the  matter  was  not  especially  tested.  Two  days  later,  on 
visiting  the  place,  spores  were  observed  rising  from  the  mass  in  small 
clouds.  These  frequently  streamed  out  from  parts  of  the  fungus  like  a 
puff  of  smoke  for  10  or  15  seconds,  then  ceased  and  after  two  or  three 
minutes  began  again.  Such  streams  were  emitted  from  different  i)arts  of 
the  plant  irregularly,  so  that  from  some  part  spores  were  escaping  almost 
constantly.  The  day  was  pleasant  and  the  air  very  quiet,  yet  occasionally 
a  light  puff  of  air  passed  over  the  plant.  The  streaming  of  the  spores, 
however,  ai)i)eared  to  be  no  more  marked  when  the  air  stirred  than  when 
it  was  perfectly  quiet.  The  plant  was  carefully  removed  from  the  tree, 
but  being  found  too  heavy  to  carry  was  left  propped  against  the  base  where 
it  had  grown.  Five  days  later  the  fungus  was  brought  to  the  laboratory 
and  found  to  be  in.  good  condition,  but  the  outer  edges  of  the  pilel  were 
beginning  to  darken  and  curl.  Faint  spore  prints  were  obtained,  but  such 
as  to  indicate  that  sjwre  discharge  was  pract'cally  over.  Whether  the  re- 
moval of  the  i)lant  from  the  tree  shortened  the  time  of  spore  discharge  is 
not  certain,  but  it  is  doubtful  if  the  plant  gives  off  its  spores  naturally  for 
a  period  of  more  than  a  week  or  ten  days. 
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According  to  Buller,  visible  spore-dlsciiarge  in  the  hymenomycetes  Is  a 
rare  phenomenrn,  and  he  cites  the  observations  of  Hoffman,  Hammer,  and 
von  Schrenk.  My  own  observation  on  Steccherinum  septentrionaie  con- 
form to  Von  Schrenlj's  description  of  tlie  spore-discharge  in  PolyporuH 
schweinitziL  Buller  accounts  for  the  intermittent  clouds  by  tiny  irregular 
air  currents,  and  thinks  the  si>ores  were  in  reality  "falling  continuously 
and  regularly  by  their  owii  weight."  In  the  case  of  his  own  observation  on 
Polyporus  sqiiotnosu^  this  view  appears  to  be  confirmed,  and  he  likens  the 
appearance  to  the  steam  arisnig  from  a  cup  of  tea  In  Irregular  eddies  or  the 
curling  of  tobacco  smoke  from  the  bowl  of  a  pipe.  Had  he  observed  the 
discharge  in  Stccehcrinum  neiHcninovalc  I  believe  he  would  not  have  felt 
so  confident  of  his  explanation.  The  cloud-like  discharge  was  more  as  the 
curling  f^moke  of  the  tobacco  when  one  breathes  at  intervals  through  the 
pipe.  I  doubt  if  the  discharge  is  due  to  any  proi)elling  force  as  hinted  by 
Von  Schrenk,  but  it  seems  to  me  i)robabIe  that  over  certain  restricted  areas 
there  Is  a  simultaneous  liberation  of  great  quantities  of  spores  followed  by 
a  period  of  rest.  That  such  intermittent  spore  release  occurs  In  all  hy- 
monomycotos  is  improbable,  but  it  seems  to  account  for  the  phenomenon 
as  observed  in  Stcccherittum  scptcntrionale  and  Polj/porus  achweinitzH. 

Whether  the  present  fungus  is  to  be  regarded  as  an  edible  species  can 
not  be  stated.  No  one  appears  to  have  tested  its  qualities.  It  would  prob- 
abiy  be  found  somewhat  tough.  esi)eclally  when  mature,  but  not  more  so 
than  many  forms  that  are  recommended.  In  drying  it  gives  off  a  very 
strong  odor  which  would  lead  one  to  expect  it  to  have  a  pronounced  flavor. 
The  taste  of  the  raw  plant  is  not  inviting,  and  yet  not  particularly  of- 
fensive. If  any  preparation  of  It  would  make  It  really  comestible,  a  single 
plant  is  sufficient  to  furnish  an  abundant  feast. 

The  plant  Is  not  rare  and  yet  cannot  be  said  to  be  common.  It  ap- 
pears to  be  most  abundant  In  Indiana  and  Ohio,  perhapj  because  of  the 
prevalence  of  the  t)ec»cli  in  this  region.  When  the  writer  came  to  Indiana 
six  years  ago,  he  had  not  been  In  the  State  more  than  a  couple  of  weeks 
when  his  attention  was  called  by  one  of  his  students  to  the  specimen 
previously  mentioned  in  Dr.  Posts  yard.  As  there  were  three  or  four  dried 
specimens  observed  lying  about  the  laboratory,  the  impression  was  given 
that  specimens  could  probably  be  readily  obtained  almost  any  time  in 
season.  Being  at  the  time  unusually  busy  organizing  a  new  work,  the 
opportunity  for  study  of  the  plant  was  allowed  to  pass  with  a  casual  ex- 
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aiuinntion  and  the  securing  of  the  s|>e<*!men.  F>om  that  time  until  this 
fall,  however,  no  more  wer^  seen  except  one  or  two  old  and  hadly  weath- 
ered specimens.  The  plant  Is.  tiierefore,  not  8o  ai»undant  n»  \\a»  thought 
Press  of  other  work  has  again  made  it  impt:ssiblc  to  conduct  as  thorough 
an  invt*stigatl(m  of  the  prolilenis  suggested  by  this  plant  as  one  would  like, 
but  it  has  api)eared  worth  wliile  to  call  j'ttention  to  this  seemingly  little 
noticed  fungus. 

DcPauir  Univ., 

Orccncai<tl(\  Itnl. 
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Disease  Resistance  in  Varieties  of  Potatoes. 


By  C.  R.  Orton. 


This  report  is  tht*  result  of  experiments  conducted  by  the  author, 
under  the  direction  of  Dr.  L.  R.  Jones,  while  in  the  cooperative  employ 
of  the  Vermont  Experiment  Station  and  the  United  States  Department  of 
Agriculture,  Bureau  of  Plant  Industry,  during  the  fall  of  1909-10.*  In 
general,  the  work  was  the  outgrowth  of  a  series  of  experiments  carried 
on  by  Professor  William  Stuart  at  the  Veraiont  Station  for  several  years 
previous  to  1909,  the  results  of  which  may  Ik*  found  in  Bulletin  122,  Ver- 
mont Experiment  Station.  In  particular,  it  was  the  development  of  some 
research  work  of  the  previous  wintt»r  on  late  blight.  Professor  Stuart 
conducted  his  exi)crimeuts  In  the  Held  upon  over  150  varieties,  with  the 
idea  of  determining,  if  possible,  the  disease  rcsi^tant  qualities  of  both 
American  and  European  varieties  of  iM)tat(H\s,  to  Ihe  late  blight,  Phytoph- 
thora  infestans  (Mont)  Bary,  a  fungus  which  causes  the  loss  of  many 
thousands  of  bushels  of  potatoes  yearly  in  New  F^ngland,  especially  In 
Maine  and  Vermont,  and  i)eriodically  the  loss  of  one-half  the  entire  crop 
or  more  in  that  section. 

Eunjpean  i>otato  growers  have  for  years  been  breeding  and  testing 
potato  varieties  for  Mie  disease  resistant  qunllty,  until  they  have  developed 
a  series  of  varieties  which  have  proved  by  tichl  trials  to  be  highly  resistant 
to  fungous  dls^eases.  The  pnKvsses  as  carne<l  out  by  them  necessitated 
growing  the  tubers  for  stncral  years  in  sucression  and  noting  the  amount 
of  Infection  each  year.  This,  of  course,  is  at  l)est  a  te<lious  operation,  giv- 
ing slow  and  often  unsatisfactory  results. 

In  1908  Mr.  N.  J.  GIddings,  then  of  the  Vermcmt  Experiment  Station, 
found  that  resistance  to  the  late  blight  could  l>e  determined  with  some 
degree  of  accuracy  by  artificial  inoculation  of  the  tubers,  with  pure  cul- 
tures of  the  fungus,  under  sterile  conditions  in  the  laboratory.  The  value 
of  the  laboratory  method  for  testing  varieties  of  potatoes  for  disease  re- 
sistance Is  easily  seen  when  we  consider  that  It  would  permit  us  in  two 
or  three  weeks  to  test  the  resistance  quality  of  any  variety,  a  process  w^hich 


*  The  foil    results  of  these  experiments  are   to  be  published   In  a  forthcoming 
bulletin  of  the  I'nlted  States  Department  of  Agriculture,  Bureau  of  Plant  Industry. 
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heretofore  by  laborious  field  experiments  has  taken  as  many  years.  The 
purpose  in  the  trials  of  1909  was  to  determine  more  fully  the  reliability  of 
this  method  and  its  applicability  for  comparative  trials  with  a  large  num- 
ber of  varieties. 

In  all,  76  varieties  of  potatoes,  46  of  which  Dr.  Jones  collected  in 
Europe,  were  tested.  Practically  all  of  these  were  varieties  of  economic 
value  in  their  respective  localities.  Most  of  the  European  varieties  were 
of  repute<i  disease  resistant  qualities.  All  had  been  grown  on  the  Vermont 
Experiment  Station  grounds  under  as  similar  conditions  as  possible,  for 
four  years  previous  to  these  experiments. 

The  method  used  was,  first,  to  prepare  sterile  test  tubes  by  placing  fi 
small  absorbent  cotton  wad  in  the  bottom  of  each  tube  and  adding  to 
each  one  c.c.  of  water.  The  tubes  were  then  plugged  with  ordinary  cot- 
ton and  sterilized  in  the  autoclave.  The  next  step  was  to  place  in  each 
such  tube  a  small  sterile  block  cut  from  a  raw  potato.  Considerable  care 
was  necessary  to  avoid  contamination  in  this  process.  The  work  was  all 
done  under  a  transfer  hood  freshly  washed  out  with  corrosive  sublimate 
solution.  The  potato  tubers  were  first  washed  then  immersed  for  about  five 
minutes  in  a  corrosive  sublimate  bath.  They  were  then  peeled  with  sterile 
knives  and  the  sterile  interior  flesh  was  finally  cut  into  several  small 
blocks  of  such  size,  about  1  x  1  x  4i  cm.,  as  would  drop  easily  into  the 
tubes.  These  tubes  were  then  held  24  hours  at  about  22*  C,  In  order  that 
any  contaminated  tubers  might  be  detected  and  discarded  before  the  in- 
oculations were  made.  The  inoculations  were  made  from  pure  cultures  of 
PUytophthora  infcstans  growing  on  lima  bean  agar  and  about  15  to  18 
tubes  of  each  variety  were  inoculated.  About  twelve  varieties  were  run 
in  each  series,  two  of  these  varieties  used  as  checks,  being  the  same  in  all 
the  series.  For  these  ch<»cks  I'rofebsor  Wohltmann  and  Green  Mountain 
varieties  were  used  because  they  showed  a  very  uniform  growth  all 
through  and  stood  at  the  two  extremes,  the  former  being  one  of  the  most 
resistant  varieties,  the  latter  one  of  the  most  susceptible. 

For  each  inoculation,  a  small  piece  of  the  fungus  was  transferred 
with  a  platinum  needle  from  the  agar  to  the  block  of  potato  and  scratched 
into  it  to  i)revent  its  drying  up  before  infection  could  take  place.  If 
proper  care  was  taken  in  making  this  Inoculation,  a  uniform  growth  was 
obtained  on  all  the  blocks  of  the  same  variety. 

After  Inoculation  the  cultures  were  placed  for  incubation  and  growth 
in  a  temi)erature  of  about  15"  to  16°  C.     It  was  found  that  at  this  tern- 
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perature  they  develGi)€d  a  fair  growth  of  the  fungus  in  about  six  days, 
and  tills  reached  a  maximum  on  about  the  tentli  da3%  All  the  tubes  of 
each  variety  were  then  assembled  and  compared  with  the  checlis  as  to- 
their  relative  amounts  of  growin.  These  results  were  judged  by  two  or 
three  observers  independently  of  each  other,  and  each  judgment  recorded. 
For  purposes  of  comi>arisun  the  relative  growth  was  expressed  in  per- 
centages. Akhough  this  was  a  somewhat  arbitrary  standard  its  useful- 
ness is  shown  by  the  fact  that  these  independent  observations  rarely  varied 
more  than  five  to  ten  ix»r  cent. 

For  the  final  results  all  tliese  tests  were  made  in  duplicate  and  all 
the  observations  on  any  one  variety  were  averaged.  These  averages  may 
be  grouped  into  three  main  classes.  First,  a  highly  resistant  class,  those 
exhibiting  a  growth  of  from  1-35  per  cent.  Second,  a  middle  class,  those 
exhibiting  a  growth  of  from  35-CG  i)ev  cent,  and  third,  a  susceptible  class, 
exhibiting  a  growth  of  Irom  G5-1C0  per  cent.  It  was  found  that  those  fall- 
ing into  class  one  were  in  every  case  those  which  were  of  tested  disease- 
resistance  and  were. practically  all  of  European  origin.  Those  falling  into 
class  two  were  largely  of  reputed  disease-resistance  and  were  also  largely 
of  European  origin.  Those  falling  into  the  third  class  were  practically  all 
of  American  origin  and  included  many  of  our  most  important  commercial 
varieties.  Since  these  results,  in  the  main,  correspond  to  those  obtained 
by  Professor  Stuart,  In  his  field  trials,  we  feel  safe  in  drawing  the  con- 
clusion, that  thus  far  our  American  breeders  of  potato  varieties  have  been 
developing  types  which  stand  for  yield  and  quality  regardless  of  disease- 
resistance,  while  European  breeders  have  been  developing  disease  resistant 
varieties.  This,  we  believe,  explains  in  a  measure,  the  heavy  loss  occa- 
sioned by  fungous  disease  in  our  American  potato  crop.  Unfortunately 
the  most  resistant  of  the  European  varieties  are  not  of  the  best  quality 
and  color  for  the  American  market.  It  therefore  remains  for  the  potato 
breeders  of  this  country  to  develop  varieties  which  combine  the  desirable 
qualities  of  the  best  American  potatoes  with  the  disease-resistant  qualities 
of  the  hardiest  European  potatoes.  In  connection  with  this  it  will  un- 
doubtedly be  the  laboratory  method  here  explained  which  will  be  used 
largely  in  testing  the  disease  resistant  qualities  of  new  hybrids  and  seed- 
lings in  the  attempts  to  develop  this  new  ideal  potato. 

Purdue  University, 

Lafayette,  Indiana. 
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An  Ecological  Survey  of  Whitewater  Gtorge. 


By  L.  C.  Petry  and  M.  S.  Mabkle. 


At  Richmond,  Indiana,  the  east  branch  of  Whitewater  River  runs 
through  a  narrow  rock  gorge  for  a  distance  of  about  three  miles.  This 
miniature  canyon  Is  commonly  called  the  Whitewater  gorge.     It  varies  in 
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Fig.  1. 

depth  from  60  ft.  to  120  ft.  and  in  width  from  200  ft.  to  800  ft  on  the 
floor.     The  gorge  terminates  rather  abruptly  at  Test's  Mills,  about  two 
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miles  below  Main  street,  Richmond,  and  from  that  point  to  its  mouth  the 
valley  is  generally  broad. 

This  gorge  was  formeii  as  a  direct  result  of  the  glacial  phenomena  of 
the  r^on.  There  is  evidence  that  at  the  close  of  the  Early  Wisconsin  ice 
sheet  period,  the  river  occupied  a  channel  much  to  the  eastward  of  its 
present  ct-urse.  Wells  to  the  south  of  Glen  Park,  ne:irly  three  miles  east 
of  the  prestnit  river  channel  indicate  at  that  point  an  old  channel  now  filled 
with  drift.  The  streams  in  Glen  Park  st-em  to  occui)y  this  same  old  chan- 
nel. From  this  and  other  f»vidtHice  it  seems  T»robable  that  this  old  channel 
pas.ses  to  the  east  of  the  city  of  UichniDnd,  and  comiects  with  the  present 
river  valley  somewhere  below  Test's  Mills. 

The  advance  of  the  Late  Wisconsin  ice  sheet  resulted  in  filling  up  this 
old  channel  with  drift.  There  is  evidence  thut  this  Ice  advance  was  from 
two  directions,  north-west  and  nortfi-east,  and  that  the  terminal  moraines 
of  the  two  lobes  did  not  come  together.  The  river,  forced  out  of  its  old 
channel,  took  np  a  new  course  between  the  two  moraines.  With  the  melt- 
ing of  the  ice  sheet,  the  volume  of  water  discharged  by  the  stream  would 
he  very  large,  and  erosion  of  its  channel  correspondingly  rapid.  Since  the 
retreat  of  the  ice,  it  has  carved  tlie  present  gorge. 

The  rock  of  the  gorge  is  Huds(m  River  or  Cincinnati  limestone.  This 
is  a  favorite  collecting  ground  for  paleontologists  interested  in  this  par- 
ticular portion  of  the  lyowcr  Silurian  beds.  Tnlobites  are  not  numerous, 
though  several  si)e<ies  are  found,  (^alymene  senarla  is  commonest.  Ryn- 
chotrema  capax,  Zygosplra  modesta,  Platystrophla  blforata  and  Iveptiena 
rhomboldalis  are  the  characteristic  brachiopods.  Streptolasma  is  extremely 
common. 

The  character  of  the  rock  is  of  extreme  importance  in  the  considera- 
tion of  the  ecology  of  the  region.  The  rock  is  soft  and  very  thin-bedded, 
and  is  rendered  still  more  unstable  by  the  alternation  of  thin  beds  of 
shale  of  a  soft  calnareous  nature  with  the  layers  of  limestone.  The  lime- 
stone  itself  is  shaly  and  weatiiers  very  rapidly.  Three  Inches  is  probably 
the  average  rhickness  of  the  rv)ck  layers.  The  amount  of  shale  varies 
greatly,  even  within  limited  are^s.  In  general,  the  shale  makes  up  about 
one  third  of  the  total  rock. 

As  a  result  of  the  nature  of  the  rock,  steep  cliffs  are  maintained  only 
wDere  active  erosion  of  the  base  is  going  on.  As  soon  as  river  erosion 
ceases,  the  slope  becomes  gentler  at  once.    There  is  a  considerable  amoimt 
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of  seepage  and  shinipjng  is  frequent.  A  large  talus  quickly  culleets.  This 
is  composed  of  angular  frtignients  of  the  limestone,  embedded  in  a  matrix 
of  the  fine  mud  produced  by  the  weathering  of  the  shale. 

The  stream  through  the  gorge  has  a  very  high  gradient  From  Main 
street  to  Test's  Mills,  a  distance  of  about  9,000  feet,  the  total  fall  is  47 
feet,  or  about  1  foot  in  200.  This  gi-adient  Is  not  at  all  uniform  throughout 
the  distance.  In  general  the  stream  consists  of  a  series  of  alternate  ponded 
stretches  and  rapids.  At  some  of  the  fall  lines  a  difference  of  level  of  six 
or  eight  feet  may  occur.  This  condiltion  is  produced  by  a  slight  dip  of 
the  rock  strata  toward  the  up-stroam  end  of  the  gorge.  This  dip  is  small, 
not  more  than  a  few  inches  to  the  hundreil  feet.  Where  a  portion  of  the 
rock,  harder  than  the  surrounding  rock  or  with  less  shale,  comes  to  the 
surface,  a  fall  line  is  proiluced.  Frnginonts  of  rock  carried  down  by  spring 
floods  accunmlate  at  this  point,  and  the  portion  of  the  stream  immediately 
above  becomes  ponded.  Some  of  these  ponds  are  as  much  as  1,200  feet  in 
length. 

The  annual  rainfall  in  this  region  is  about  40  inches.  Tlie  averag«» 
flow  of  the  river  is  about  00  cubic  feet  per  second.  A  series  of  measure- 
ments of  the  flow,  made  January-May,  1007,  gave  a  minimum  flow  of  56 
cu.  ft.  per  second  on  February  20,  and  a  maximum  flood  stage  of  4,500  cu. 
ft.  per  second  on  March  13.  Measurements  made  in  August,  1008,  indicated 
a  flow  of  only  42  cu.  ft.  per  second. 

It  is  a  deplorable  fact  that  up  to  the  present  time  the  city  of  Richmond 
has  seen  fit  to  dispose  of  its  sewage  by  the  primitive  method  of  dumping 
it  directly  into  the  river.  Since  this  sewage  flow  amounts  to  12  to  15 
cubic  feet  per  second,  or  one- fourth  the  total  flow  at  low  water  stage,  the 
condition  of  the  river  below  the  sewers  may  be  imagined. 

The  region  selected  for  study  includes  the  floor  and  bluffs  of  the  gorge 
between  the  Main  street  bridge  and  the  bridge  at  Test's  Mills,  about  two 
miles  to  the  south.  A  survey  by  transit  and  stadia  was  made  and  from 
this  a  topographic  map  on  a  scale  of  1  inch  to  250  feet  was  prepared.  On 
this  the  various  data  were  recorded,  and  the  conditions  of  the  various  por- 
tions of  the  area  were  indicated  by  tints.  Considerable  areas  of  the  re- 
gion have  been  disturbed  by  cultivation,  building  operations,  etc.,  and  no 
attempt  to  study  these  areas  was  made.  Photographs  to  show  the  more 
striking  features  of  the  region  were  made  whenever  possible.  The  nomen- 
clature nsed  is  that  of  Gray  s  Manual.  7th  e<litlon. 
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In  this  study,  the  various  plant  associations  have  been  considered  as 
hiembers  of  a  succession,  and  therefoi-o,  in  general,  transitional.  The  ulti- 
mate stage  in  this  region,  i  .e.,  the  permanent  association,  is  held  to  be  a 
very  mesophytic  forest,  dominated  by  Fagus  and  Acer  saccharum.  AH 
other  plant  as8o<*iations  are  held  to  be  trahsitional  stages  between  a  plant' 
less  condition  ahd  this  ultimate  forest  condition.  The  position  of  any 
given  plant  association  in  this  succession  may  be  determined  accurately 
only  by  observation  over  a  long  period  of  time.  The  successive  stages 
have  been  woriied  out  carefully  in  many  cases,  however,  and  the  usual 
succession  for  this  region  is  well  known.  Two  kinds  of  successions  are 
recognized,  namely,  biogenic  and  physiogeiilc.  A  biogenic  succession  may 
be  defined  as  one  influenced  only  by  plant  and  animal  life,  and  therefore 
such  a  succession  will  occur  only  where  tlie  physiography  is  static.  In 
physlogenic  successions,  physiographic  changes  are  the  controlling  factors. 
In  general  we  have  endeavored  to  determine  two  points  with  regard  to 
each  plant  association,  namely,  its  place  in  the  succession  and  whether 
the  controlling  factors  of  that  suc(<»ssion  at  that  stage  are  biogenic  or  phys- 
logenic. Lists  of  si)e(les  given  are  usually  incomplete  but  as  representative 
as  possible. 

The  walls  of  the  gorge  and  the  ravine  branching  from  it  are  quite 
favorable  for  the  study  of  plant  successions  in  such  situations.  Within 
the  region  studied,  almost  all  stages  from  the  bare  plantless  cliff  to  the 
ultimate  mesophytic  forest  can  be  found.  The  stage  of  development  of  the 
vegetation  on  the  walls  of  the  gorge  seems  to  be  dependent  largely  upon 
the  length  of  time  tlmt  has  elapsed  since  active  erosion  by  the  river  ceased. 
The  succession  is  very  rapid  for  a  rock  cliff.  This  is  explained  by  the  very 
unstable  nature  of  the  rock,  the  abundance  of  shale  and  the  favorable  con- 
ditions of  rainfall  and  climate.  Very  often  stages  that  are  usually  suc- 
cessive occur  combined,  or  telescoiMMl,  here.  Lichens,  which  usually  form 
the  first  vegetation  on  ro<k  cliffs,  are  absent.  No  liverworts  or  ferns  occur. 
The  oaks,  which  commonly  form  a  stage  immediately  preceding  the  ulti- 
mate forest,  seem  to  be  replaced  by  elms  and  black  locust.  Juniperus  is 
the  only  conifer  found. 

The  earliest  stage  of  the  succession  occurs  at  one  point  where  a  cliff 
occupies  the  outside  of  a  curve  of  the  stream,  and  active  erosion  of  its 
foot  is  going  on.  As  a  result  of  this  condition,  the  cliff  is  very  Steep,  even 
overhanging  to  a  slight  extent.    The  wall  is  bare  of  plants,  except  for  algae 
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In  plaws  where  seepage  occurs.  No  lichens  occur,  though  the  rock  Is  more 
stable  than  usual,  with  a  smaller  (troportion  of  shale.  Their  absence  is 
not  due  to  smoke,  as  Is  sometimes  the  case,  for  they  occur  on  trees  near 
by.  The  rock  does  not  contain  bitumen  which  sometimes  prevents  their 
growth,  notably  on  Niagara  limestone.  It  seems  probable  that  the  weath- 
ering of  the  rock  is  too  rapid  for  them  to  maintain  a  foothold.  A  few 
annuals  grow  on  the  talus  which  has  accumulated  since  the  spring  floods. 
A  few  plants,  such  as  Psedora.  Ithus  toxiecnlcndron,  Vitls  and  Juniperus 
vlrglnlana,  hang  from  the  top  of  the  cliff.  This  stage  continues  as  long  as 
active  erosion  by  the  stream  Is  maintained. 

The  second  stage  is  found  at  a  point  where  the  river  erosion  is  not 
so  strong.  A  considerable  talus  accumulates  at  the  base  of  the  cliff,  and 
this  is  not  swept  away  by  the  spring  floods.  The  wall  is  not  so  steep  as 
in  the  stage  Just  described.  It  is  in  this  stage  that  the  first  real  plant 
associations  appear.  These  pioneer  plants  occupy  narrow  shelves  produced 
by  the  projecting  ledges  of  linieslone.  Most  of  the  i)lants  are  annuals.  The 
following  species  are  typical  of  such  lucalitios: 

Ambrosia  artcnilsia»folia  Melilotus  alba 

Poa  compressa  Allium  canadense 

Lactuca  scariola  var.  iutegrata  Dlpsacus  sylvestrls 

Nepeta  catarla  Aster  spp. 
Rosa  humilis 

After  direct  action  hy  the  river  has  ceased,  the  talus  accumulates 
undisturbed.  The  shale  layers  change  to  soil  very  readily,  and  this  is 
washed  down  by  the  rains.  Projecting  layers  of  limestone  break  off  of 
their  own  weight.  In  these  various  ways,  the  sIoim*  is  rapidly  reduced.  A 
larger  number  of  plants  gain  a  foothold  and  the  cliff  Is  covered  with  vege- 
tation. Grasses  and  annuals  are  coumion.  Xerophytlc  mosses  appear. 
This  may  be  called  the  herb  stage.  The  pioneer  plants  mentioned  above 
continue  through  this  stage,  while  the  following  new  species  appear: 

Equisetum  arvense  Melilotus  officinalis 

Aster  novaj-angellae  Cornus  paniculata 

Daucus  carota  W'rbascnm  thapsus 

Heracleum  lanatum  Elymus  canadensis 

Up  to  this  point,  the  snocession  has  been  almost  entirely  physlogenlc. 
The  plantless  stage  continues  as  long  as  the  stream  actively  erodes  the 
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base  of  tlu*  cliff.  AfUv  th'iH  erosion  erases,  the  plniit  succession  is  deter- 
mined for  a  time  l)y  tlie  slope  of  the  cliff.  At  first,  only  shelf  plants  can 
gain  a  foothold.  As  the  slope  is  reiluced,  the  number  of  species  is  increased. 
After  a  time.  tliou;jh.  when  a  soil  of  considerable  depth  has  formed,  the 
succession  becomes  biogenic.  The  plants  hold  the  soil,  and  the  reduction 
of  slope  procetHls  very  slowly,  if  at  all,  i)articularly  after  grasses  become 
prominent  The  sIoik*  of  the  gorge  wall  where  it  is  covered  with  a  meso- 
phytic  forest  is  but  little  gentler  than  that  of  the  wall  where  only  bushes 
occur.  From  the  herb  stage  to  the  ultimate  mesophytic  forest,  each  plant 
stage  i)repares  the  way  for  tlw^  next  in  the  succession  by  holding  the  sol!, 
accumulating  hunuis  and  furnishing  shade. 

Tlie  herb  stage  is  succecdctl  l)y  a  bush  stage.  The  most  prominent 
species  is  Rhus  (nmadensis,  wliich  often  forms  largt*  colonies.  Ck)rnus 
pnniculata  and  Salix  longifolia  are  commonly  associated  with  it.  Rubus. 
Kibes.  Rhus  toxicodendron,  Vitis  vulpina,  Crataegus,  Pscdera,  Ptelea  trifo- 
liata  and  others  «)ccur,  together  with  a  number  of  species  Hiaracterlstic 
of  the  preceding  stage,  such  as  I)ii>sacus  sylvestris,  Ileradeum  lanatum. 
etc. 

This  shrub  stage  is  probably  very  brief  and  pione*T  trees  soon  appear. 
Two  parallel  tree  stages  appear.  Considerable  areas  arc  found  occupied 
by  rinnis  americana,  Celtis  occidentalis  and  Crataegus  spp.  In  other  sit- 
uations similar  in  all  resptnts,  (Vrsis  caiuidensis,  Robinia  pseudo-acacia 
and  Prunus  americana  dominate  the  vegetation.  In  both  cases,  the  trees 
are  ac(ompanicd  l)y  a  large  niunber  of  undergrowth  herbs  and  shrubs, 
among  them  the  fcllowing: 

Olcditsia  triacanthcs  Ileradeum  lanatum 

Juglans  nigra  l>aucus  (»;u'ota 

Cornus  pani(  ulata  Taraxacum  officinale 

Sambucus  canadensis  Aster  spp. 

Kihes  cynoshati  Verbascum  thapsrs 

Vitis  vulpina  Xepeta  cataria 

Psedera  (piinciuefolia  Poa  compressa 

Menispernuim  canadense  Solanum  nigrum 
DIpsacus  sylvestris               \ 

Following  thest*  two  parallel  stages  appears  the  ultimate  stage  of  the 
region,  the  mesofihytic  forest.  This  stage  occurs  only  on  the  east  bluff  of 
the  gorge,    imnuMliately   above   Test's   Mills.     Thaj:  tl|ls   forest  is  really 
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mc^sophytic  is  shown  by  the  inx^sonce  of  Fagus  grnndi folia  and  Acer  sao 
charuni,  tlie  latter  b(»ing  very  abuiuhint.  This  forest  is  rathor  open  yand 
this  probably  accounts  for  the  absence  of  all  ferns.  Polypodium  is  found 
in  similar  locations  in  this  region,  however.  Mosses  are  abundant  on  the 
ground  and  on  fallen  logs.  The  only  liverwort  is  Porella,  occurring  abun- 
dantly on  tree  trunlis  near  the  ground. 

In  order  to  establish  the  fact  that  the  forest  represents  the  ultimate 
stage  of  the  succession  for  this  region,  a  primeval  mesophytic  forest  near 
Williamsburg,  Ind.,  about  ten  miles  distant,  was  studied  and  a  list  of  the 
species  found  there  is  given  below.  On  this  list,  those  species  marked  by 
an  asterisk  occurred  also  in  the  forest  on  the  east  bluff  of  the  gorge  at 
Test's  Mills.  A  study  of  the  list  will  lead  to  the  conclusion  that  the  ulti- 
mate stage  of  the  succession  has  been  reached  here : 


•Carpinus  caroliniana 
•Fraxinus  americaiin 
♦Fagus  grand!  foil  a 
♦Aesculus  glabra 
♦Ostrya  virglniana 
♦Cornus  florida 
•Acer  saccharum 
♦Carya  cordiformis 
♦Ulmus  racemosa 
♦Asimina  triloba' 
♦Morus  rubra 
•Smilax  hispida 
♦Psedera  qulnqnofolia 
♦Ribes  cynosbati 
•Juniperus  communis 
•Vitis  vulpina 
•Rosa  setigera 

Benzoin  sestivale 
♦Rhus  toxicodendron 

Celastrus  scandoiis 
•Menispermum  cnnjulciise 
♦Viburnum  prunifolium 
♦Sambucus  canadensis 

Mitchella  repens 


♦Gary a  ovata 
♦Ulmus  amerlcana 
♦I'lmiis  fulva 
♦Tilia  amerlcana 
♦Querous  alba 
•Fraxinus  quadrangulata 
♦Celtis  occidentalis 
♦Quercus  rubra 

Aralia  nudicaulis 
♦Urtica  gracilis 

Polygonum  virginianuni 
♦Bidens  frondosa 

Monotropa  uni flora 

Epifagus  virginlana 

Smilacina  racemosa 

Boohmeria  cylindrica 
♦Aristolochis  serpentaria 

Sanguinaria  canadensis 
♦Solanura  nigrum 

Polyffonatum  commutatum 

Cryptotjenia  canadensis 

Acttea  spicata 

Viola  pubescens 

Monarda  fistulosa 


Hydrangea  arborescens  Hcpatica  acutiloba 

•Eupatorium  urticwfoliiini  Arisiema  triphyllum 

♦Impatiens  biflora  Botrychlum  virginianum 

Impatfens  pallida  Botrychium  tematum 

^Galium  spp.  Adiantuin  pedatum 

•Viola  cucullata  Polystichum  acrosticboides 

Aralia  racemosa  Aspk»nium  augustifolium 

In  addition  to  tlio  specifs  indicnttd  by  asterisks,  Qiiercus  prinus  and 
Sedum  ternatuni  are  prominent  members  of  tbe  vegetation  of  this  stage  of 
thew  bluffs. 

Several  narrow  terraces  occur  along  tbe  sides  of  tbe  gorge  at  various 
jKiints.  They  vary  in  width  from  a  few  feel  to  as  much  as  200  feet,  and 
one  of  these,  on  the  east  side  of  the  river  near  the  bridge  at  Test's  Mills. 
is  about  half  a  mile  in  lengiii.    The  origin  of  these  was  not  investigated. 

Kejuvenescence,  that  is,  a  return  to  pioneer  tonditions,  may  occur  at 
any  stage  of  tlie  succe.«siou,  if  erosion  of  the  bast*  dI'  the  cliff  is  resumed  by 
the  river.  In  this  case,  the  imdercutting  l)y  the  stream  produces  slumping, 
and  the  bare  rock  wall  is  soon  expfjsed.  This  condition  occurs  at  the  foot 
of  tbe  east  bluff,  just  below  the  small  islands  at  ihf'  lower  fall  line.  At 
this  point  the  bluff  had  l)e<ome  mesophyMc  l>efore  t'rosion  of  the  foot  began 
again.  We  have  here  at  the  pi"esf»nt  time  an  extremely  xeropbytlc  bare 
rock  face  bordering  diiertly  upon  a  )ni'soj>liylic  forest.  This  xeropbytlc 
condition  will  conllni-e  rs  loiiir  as  the  stream  erosion  continues,  and  its 
area  may  even  increase.  When  erosion  teases,  the  su-cession  will  begin 
again,  and  progrc.-s  tliron;^'h  tlie  stages  ju.st  described. 

The  ravines  entering  the  gorge  are  small  and  comparatively  few  in 
number.  Tlie  fact  that  tlu^  gorge  is  relatively  young  explains  this  in 
part.  The  smallness  of  tiie  area  draining  into  the  gorge  at  this  point  is 
probably  the  prlncii)al  factor,  however.  Clear  Creek  [)arallels  the  river 
on  the  west,  and  the  divide  between  the  two  streams  is  less  than  half  a 
mile  west  of  the  river.  On  the  east,  another  small  stream  parallels  the 
gorge  at  an  even  less  distance.  Accordingly  the  drainage  of  the  area 
Immediately  around  the  gorge  is  largely  accomplislied  by  parallel  streams 
which  enter  the  river  farther  down.  Witli  two  exceptions,  the  ravines 
are  less  than  2fM)  yards  in  IcMigth.  and  are  accordingly  very  steep.  These 
two  ravines  have  permanent  streams,  fed  by  springs.  In  the  others,  the 
rocks  drip  with  s<epage,  but  streams  run  through  them  only  after  rains. 
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All  stages  from  young  ravines,  with  conditions  extremely  xerophytie  up  to 
mature  ravines  with  mesophytic  vegetation  are  found. 

The  first  stage  of  one  of  these  ravines  is  merely  a  shallow  groove  down 
the  side  of  the  bluff,  floored  by  the  bare  bedrock  and  partially  choked  by 
rock  fragments.  The  debris  accumulates  as  a  cone  at  the  foot.  In  this 
stage,  a  ravine  is  extremely  xerophytie.  Few  if  any  plants  grow  within 
them,  though  a  few  appear  upon  the  talus  at  the  foot.  The  plants  which  do 
appear  are  the  same  as  the  pioneer  plants  on  a  cliff  face. 

The  position  of  such  a  ravine  seems  to  be  determined  almost  entirely 
by  the  surface  drainage  outside  the  gorge.  Wherever  the  topography 
of  the  surface  outside  the  gorge  causes  the  flood  water  to  be  dis- 
charged down  the  bluff,  a  ravine  will  be  formed.  Cleavage  planes,  which 
commonly  determine  the  location  of  ravines  in  more  massive  rock,  are 
absent.  Seepage  lines  which  often  determine  ravines  in  clay  bluffs  prob- 
ably have  little  effect  here,  for  they  often  occur  on  cliff  faces  where  no 
tendency  to  ravine  formation  is  evident.  The  rapidity  with  which  a  ravine 
will  grow  is  of  course  dependent  upon  the  water  supply. 

Older  ravines  are  generally  not  regular  in  gradient,  but  become  very 
precipitous  In  some  parts,  on  account  of  the  occurrence  of  occasional  harder 
layers  of  limestone.  This  produces  vertical  faces  from  a  few  Inches  to  six 
or  eight  feet  in  height,  and  these  are  usually  wet  with  seepage  or  run-off 
trom  above.  These  ravines  are  usually  quite  deep  and  well  shaded.  Ver- 
tical faces  of  the  kind  described  are  commonly  covered  with  Cladophora 
and  Vaucheria.  Where  the  water  is  contaminated  by  sewage,  Oscillatoria 
replaces  these.  Mosses  grow  luxuriantly  in  these  situations,  but  no  liver- 
worts grow  anywhere  in  these  ravines,  with  the  single  exception  of  Porella. 
which  Is  common  in  mesophytic  situations  throughout  the  region.  The 
absence  of  liverworts  is  difficult  to  account  for,  in  view  of  the  hydro- 
mesophytlc  conditions  which  prevail  in  such  situations.  Fimbriaria  and 
Fiogatella  were  found  in  abundance  on  damp  rock  shelves  near  Thlstle- 
thuaite*s  Falls,  north  of  Richmond.  Aneura  and  Blasia  were  found  on 
clay  in  the  same  region.  Marchantia  occurs  on  rocks  in  similar  localities 
near  this  point 

Why  mosses  should  be  so  abundant  and  liverworts  entirely  absent  in 
these  ravines  is  difficult  to  explain.  The  finding  of  several  genera  of  liver- 
worts on  similar  rock  shows  that  their  absence  is  not  due  to  the  chemical 
nature  of  the  rock.    The  older  parts  of  the  Aneura  found  on  clay  were  stiff 
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with  incrustations  of  calcium  carbonate  from  the  seepage  Water*  It  is 
probable  that  the  disintegration  of  the  rock  froih  weathering  and  stream 
erosion  combined  Is  too  rapid  to  permit  the  liverworts  to  maintain  a  foot- 
hold. 

The  succession  from  the  xerophytic  first  stage  to  the  ultimate  meso- 
phytlc  stage  is  very  rapid,  more  so  than  that  of  the  bluffs.  The  narrow- 
ness of  the  rjjvines,  the  greater  amount  of  shade,  and  the  more  constant 
water  supply  account  for  this.  The  stages  passed  through  are  essentially 
the  same  as  in  the  case  of  the  bluff. 

It  is  to  be  noted,  however,  that  until  the  ultimate  mesophytic  stage  is 
reached  the  physiographic  factors  affect  the  succession,  and  that  a  purely 
biogenic  succession  never  occurs.  In  this  point  the  ravine  succession  dif- 
fers from  that  of  the  bluffs,  as  already  discussed. 

That  the  ultimate  stage  of  the  ravine  is  mesophytic  is  indicated  by  the 
following  list  of  species  found  in  a  ty[)ical  ravine  of  the  region. 

Acer  saccharura  Vitis  vulpina 

Quercus  prinus  Rhus  Toxicodendron 

Ostrya  virginica  Rubus  sp. 

Acer  neguudo  Impatiens  bi flora 

Fagus  grandifolia  Impatiens  pallida 

Fraxinus  americana  Ipomcea  pandorata 

Cercls  canadensis  Lobelia  syphilitica 

Ulmus  fulva  Sedum  ternatum 

Fraxinus  quadrangulata  Ambrosia  trlfida 

Gleditsia  triacanthos  Viola  cuculiata 

Cteltis  occidental  is  Eui>atorium  urtlciEfolium 

Ulmus  americana  Sambucus  canadensis 

Menisperraum  canadcnse  Hyrangea  arborescens 

The  successions  of  tlio  gorge  floor  are  quite  as  interesting  as  those  of 
the  bluffs  and  ravines.  As  already  mentioned,  the  stream  is  ponded 
through  a  large  part  of  the  region  studied.  The  conditions  which  have 
produced  this  result  have  been  discussed.  In  the  ponded  portions,  the 
water  varies  in  depth  from  two  to  five  feet,  and  consequently  the  current 
Is  very  slow.  As  a  result  of  this  condition,  a  typical  pond  vegetation  is 
found  in  a  number  of  points  within  the  area.  Sagittaria  and  Typha  are 
characteristic   of   this   conditi(»n.     Srirpus   americanus   occurs    at   a    few 
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points.  Submerged  and  floating  plants  are  absent  or  unimportant.  Below 
the  sewers,  Oscillatoria  Is  the  only  form  found.  Above  them,  Cladopbora, 
Hydrodictyon  and  Potamogeton  pectinatus  occur.  Neither  Nymphoea  nor 
Castalia  Is  found,  probably  because  of  sewer  contamination,  together  with 
the  rocky  character  of  the  bottom. 

At  a  number  of  points,  distinct  zonatlon  occurs.  The  succession  may 
be  described  as  composed  of  ilve  stages,  the  first  of  which  is  always  domi- 
nated by  Sagittaria.  Typha  makes  up  the  second  stage,  and  is  followed 
by  Bidens  Isevis,  which  forms  the  third  stage.  Where  zonation  occurs  this 
Bidens  zone  is  always  very  definite,  and  usually  extends  from  the  edge  of 
the  water  back  two  to  ten  feet  The  fourth  stage  is  represented  by  a  zone 
dominated  by  Ambrosia  trifida  and  Eupatoriuni  perfoliatum.  Other  spe- 
cies are  Apocynum  cannabinum,  Bidens  frondosa,  Xanthium  canadense  and 
Verbena  urticiefolia.  The  final  stage  is  represented  by  Sallx  nigra,  Plata- 
nus  occidentalis,  Vemonia  noveboracensis  and  Aster  novje-angliie. 

Where  all  five  zones  occur,  they  are  very  closely  crowded  together.  In 
one  Instance  all  were  clearly  defined  in  a  space  of  about  fifteen  feet.  Tele- 
scoping of  stages  is  common.  In  two  instances,  young  willows  were  found 
In  the  midst  of  the  zone  of  Bidens  Icevis. 

The  black  willows  form  a  very  conspicuous  feature  of  the  floor  of  the 
gorge.  They  occur  commonly  in  definite  lines  which  parallel  the  stream  at 
a  distance  of  ten  to  fifty  feet.  A  very  striking  exami)le  of  this  occurs 
just  below  the  Starr  piano  factory,  on  the  east  side  of  the  river.  Other 
lines  of  trees  of  this  species  occur  in  similar  locations  farther  down  the 
river. 

Hydrophytlc  flood-plains  of  the  usual  kind  occur  commonly  In  the 
floor  of  the  gorge.  These  may  be  so  low  as  to  be  covered  by  the  river 
at  every  slight  rise,  or  they  may  be  above  the  level  of  the  highest  flood 
stage.  At  the  main  bend  of  the  river  lies  a  high  flood-plain  of  very  con- 
siderable size.  Low  hydrophytlc  flood-plains  lie  on  both  gides  of  the 
stream  Immediately  at  the  Starr  piano  factory.  These  are  narrow,  being 
only  a  few  feet  In  width  at  some  places.  These  show  a  very  characteristic 
vegetation,  as  shown  by  the  l^)llowing  typical  list  of  species: 
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Salix  nigra  XHiithium  canadense 

salix  lougifolia  Rudbockia  hlrta 

Populus  deltoides  Hidens  frondosa 

Salix  cordata  Polygonum  virglnianum 

AmbroBia  trifida  Helianthns  strumosus 

Impatiens  biflora  AiKX'ynum  caunlbinum 

Impatiens  pallida  Ix)belia  syphilitica 

Riiniex  c-rispus  Cicuta  maculata 

I^ter  stages  of  the  successioii  (M'ciir  at  other  iKjints.  The  succession 
is  rapid,  the  flood-plains  of  this  kind  quickly  become  mesophj'tic.  The 
large  fiood-plain  at  the  bend  of  the  river  is  thoroughly  mesophytic,  as 
shown  by  the  vegetation  of  the  undisturbed  portions  of  it.  It  is  to  be 
note<l,  however,  that  the  very  narrow  flood-i)lains  of  this  type  do  not 
become  mesoi)hytic  quickly,  because  of  their  submergence  at  every  flood. 
By  reason  of  the  high  gradient  of  the  stream,  the  current  is  swift  at 
flood  time,  and  very  little  material  is  depositeil.  In  this  respect,  these 
areas  differ  from  the  usual  hydrophytic  flood-plains.        ^ 

A  third  feature  of  the  gorge  floor  is  the  presence  of  numerous  and 
well-defined  flood-plains  of  a  distinctly  xoroi)hytic  nature.  Those  occur 
commonly  just  below  the  fall  lines,  in  distinction  from  those  of  the  sides 
of  the  pondeil  stretches.  The  manner  of  their  formation  is  easily  seen. 
As  already  mentioned,  the  gradient  of  the  stream  is  high,  and  at  flood 
times  the  swift  current  carries  considerable  masses  of  rock  and  coarse 
gravel  over  the  lower  land  Immediately  below  the  various  fall  lines.  As 
a  result,  the.se  flood-plains  below  the  fall  lines  and  at  tlie  curves  of  the 
stream  are  composed  of  gravel  and  rock  fragments.  The  Islands  at  the 
fall  line  near  the  lower  end  of  the  gorge  are  subject  to  the  same  con- 
ditions. 

The  vegetation  of  these  areas  is  quite  distinctive.  On  the  upstream 
side,  no  plants  occur  for  a  considerable  distance  from  the  water's  edge. 
This  corresponds  roughly  to  the  bare  lower  beach  of  a  lake  or  the  ocean, 
and  Is  the  region  that  Is  covered  by  the  slight  rises  of  the  river  during 
the  summer.  The  pioneer  plants  are  usually  Xanthium  canadense  and 
Bidens  connata.  Back  of  these  occur  Salix  longifolia,  Platanus  occidentalis 
and  Populus  deltoides.  Of  these,  Platanus  is  the  typical  species,  and 
from    the   bluffs   the   xerojihytic   flood-i)lains    may   be  picked  out   by   the 
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occurrence  of  this  tree,  just  as  the  mature  hydrophytic  flood-plains  are 
indicated  by  Salix  nigra. 

Toward  the  downstream  side  of  these  areas,  the  horizontal  succession 
proceeds  rapidly  toward  mesophytic  conditions.  Soil  accumulates  around 
the  trees  and  the  bare  rocks  and  gravel  are  soon  covered.  In  these  loca- 
tions a  rich  mesophytic  vegetation  is  found.  The  following  species  were 
noted  in  such  a  location : 

Sallx  nigra  Ambrosia  artemlsisefolia 

Ambrosia  trifida  Helianthus  strumosus 

Bldens  frondosa  Eupatorlum  perfollatum 

It  Is  to  be  understood  that  the  term  "xerophytlc"  Is  here  used  In  its 
broad  sense,  to  indicate  that  the  conditions  of  plant  life  are  unfavorable 
in  these  areas.  The  extreme  thinness  of  the  soil  will  render  water  absorp- 
tion difficult,  however  plentiful  It  may  be.  The  range  of  temperature 
changes  Is  larger  than  elsewhere.  The  trees  and  other  plants  are  subject  to 
partial  submergence  at  every  rise  of  the  river.    Perhai>s  the  greatest  actual 
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Injury  comes  from  floating  Ice  in  the  winter  floods.  Sycamores  on  a  xero- 
pliytlc  flood-plain  near  the  bend  of  the  river  were  more  than  half  cut  In  two 
by  floating  Ice,  and  the  upstream  side  of  almost  every  trunk  was  dead.  The 
willows  commonly  show  a  distinct  leaning  in  the  direction  of  the  flow 
of  the  river. 

We  may  summarize  the  results  of  the  investigation  as  follows:  Five 
distinct  plant  formations  are  recognized  In  the  region  studied,  and  each 
plant  association  may  be  referred  to  one  of  these  five  formations:  (1)  In 
the  rock  bluff  formation,  all  stages  of  the  succession  from  the  bare,  plant- 
less  cliff  to  a  bluff  covered  by  a  mesophytic  forest,  are  found  within  the 
area  under  consideration.  (2)  The  same  stages  of  the  succession  occur 
in  the  rock  ravine  formation.  (3)  A  pond  formation  occurs  at  various 
points  of  the  stream,  and  the  stages  of  the  succession  from  this  condition 
towards  mesophytism  may  be  traced.  (4)  Deflnite  hydrophytic  flood-plains 
show  the  usual  succession  towards  mesophytism.  (5)  Flood-plains  of  a 
xerophytlc  nature  occur  commonly.  The  succession  to  mesophytism  in  this 
formation  Is  very  rapid.  In  all  of  the  formations,  the  trend  of  the  gucces- 
slon  is  toward  a  mrfophytic  forest  of  tlu^  IxMHli-muple  typis 
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Report  of  Corn  Pollination.     II. 


By  M.  L.  Fisher. 


The  work  reported  in  I'.KiS  was  continued  in  11K)0.    The  seed  from  the 
different  crosses  reported  in  the  Proceedings  for  IOCS  was  phmted  in  1009. 
In  each  lot  a  number  of  ears  were  self-fertilized  by  hand  pollination, 
d*.    Boone  County  White,  male;  Reld's  Yellow  Dent,  female. 

Forty  ears  were  pollinated.  Four  were  pure  yellow  and  thirty-six  were 
mixed.  In  a  count  of  2.000  kernels  from  mixed  ears,  204  showed  pure 
yellow,  27G  pure  white,  and  1,520  mixed  white  and  yellow,  often  cream 
color.  In  this  connection  it  is  to  be  noted  that  it  is  difflcult  to  tell  when 
a  kernel  is  pure  white.  The  yellow  tinge  may  be  so  faint  that  the  most 
careful  examination  in  a  goml  light  may  not  detect  it. 

d'.      Stowell's    Evergreen    (Sweet),    male;    Reid*s    Yellow    Dent, 
female. 

Forty-seven  ears  were  hand  pollinated.  None  was  pure  sweet  or 
pure  dent.  Thirteen  showo<l  earlier  rli>enlng  than  the  others  and  were 
smaller  in  size.  There  seemed  to  be  a  larger  proportion  of  sweet  kernels 
on  these  ears.  The  stalks  on  which  they  grew  were  also  earlier  maturing 
and  smaller  in  stature.  A  count  of  2.000  kernels  showed  322  white.  1,105 
yellow,  and  61^  sweet.  The  sweet  being  recessive,  the  proportion  agrees 
fairly  well  with  Mendel's  Law. 

d*.     Speckled,  male;  Keid's  Yellow  Dent,  female. 

Sixteen  ears  were  i)olllnated.  Four  were  pure  speckled,  twelve  were 
not  speckled.  Most  of  tliose  not  speckled  were  pure  red,  and  a  few  (3) 
were  pure  yellow.    This  also  seems  to  be  Mendelian. 

d*.    Reld's  Yellow  Dent,  male;  Boone  County  White,  female. 

The  record  of  the  number  of  ears  pollenized  has  been  lost  or  mislaid, 
but  ears  showed  the  same  mixture  of  kernels  as  the  reciprocal  cross,  d'. 
There  were  no  pure  ears.  In  2,000  kernels  there  were  480  pure  white,  1.300 
mixed,  and  208  pure  yellow — a  close  resemblance  to  the  results  In  d*. 

Various  selections  were  made  from  the  alxjve  crosses  for  1910  plant- 
ing, but  the  data  are  not  in  readiness  to  refjort  at  this  time. 
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An  Investigation  of  a  Point  Discharge  in  Magnetic  and 

Electrostatic  Fields. 


Ry  Oscar  William  Silvey. 


A  year  ago  the  writer'  presented  at  the  meeting  of  the  Indiana  Acad- 
emy of  Science  a  rei)ort  of  an  investigation  of  the  electric  point  discbarge 
in  a  magnetic  field  of  1,500  gausses.  In  this  work  it  was  found  that 
the  stream  of  air  from  the  negative  electrode  was  in  no  case  deflected,  and 
If  the  glow  discharge  existed  between  the  i)oints  neither  positive  nor 
negative  stream  was  deflected  by  a  field  of  this  strength. 

The  purpose  of  the  present  investigation  was  to  repeat  with  a  stronger 
magnetic  field  the  work  dt^scribed  in  the  previous  reix)rt,  to  study  the 
effect  of  an  electrostatic  field  upon  the  path  of  the  spark,  and  to  determine 
if  possible  the  nature  and  velocity  of  the  particles  composing  the  stream 
emitted  from  the  points. 

The  apparatus  used  in  this  and  the  previous  work  was  that  constructed 
by  Professor  Foley  and  Mr.  Ilaseman'  for  the  investigation  of  interference 
fringes  about  a  point  discharge,  air  streams,  and  vapor  streams.  It  con- 
sisted of  a  long  wooden  tube  (Fig.  1),  one  part  of  which  was  made  to 
telescope  over  the  other  part.  This  provided  a  means  of  separating  the  two 
parts  for  adjusting  tlie  iK)ints  and  magnet.  Another  portion  (E,  Figs. 
1  and  3)  containing  a  plate  holder  F  was  made  to  fit  over  the  end.  Black 
screens  (B^ig.  4)  were  placed  at  intervals  throughout  the  tube  so  that  no 
light  would  be  reflected  from  the  sides.  The  end  of  the  tube  was  closetl 
by  a  cap  (C),  which  shut  out  all  light  except  from  a  pinhole,  as  shown 
by  Fig.  2.  A  circular  disc  with  holes  of  various  sizes  provided  a  means 
of  regulating  the  amount  of  light.  A  is  a  OO**  arc  light,  the  center  of 
which  is  focused  on  the  pinhole  by  means  of  the  lens  B. 

Light  was  shut  out  of  the  tube  by  placing  a  piece  of  plack  cardboard 
In  front  of  the  i>inhole.  When  a  photograph  was  to  be  taken.  If  the  dis- 
charge was  a  glow  or  a  brush,  the  slide  S  was  drawn  from  over  the  plate, 
and  after  the  tube  had  come  to  rest,  the  cardl)oard  was  removed  until  the 


*  ProcoedinRS  of  the  ln<liana  Aca(l<*iny  of  Science,  1909. 

*  Not  yet  published. 
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plate  was  sufficiently  exposed.  In  case  of  the 
spark  discharge  which  fogged  the  plate  If  ex- 
I)osed  too  long,  the  cardboard  was  first  removed 
and  the  exposure  made  by  withdrawing  the 
slide. 

The  magnet  used  was  of  the  Faraday  type 
(photographs,  Figs.  7  and  8),  with  pole  pieces 
'M  inches  in  diameter,  and  with  a  current  of  22 
amperes  gave,  midway  between  the  pole  pieces, 
when  40  mm.  apart,  a  field  strength  of  6,400 
gausses.  Longitudinally  through  the  cores  and 
the  i>ole  pieces  was  a  hole  2.54  cm.  In  diameter. 
If  the  holes  were  filled  by  placing  In  them  an 
iron  cylinder  of  the  same  material  as  the  cores, 
and  tlie  air  gap  re<luced  to  1  mm.,  a  field 
strength  of  4<>,()t»0  gausses  for  a  current  of  44 
:nnpcrcs   could    bo   product  ,   In    most   of   the 
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tollowing  work  the  ntr  gnp  was  40  mm,  nnd  the  current  22  nmitere!).  [ii 
order  to  obtain  a  pb"t<H.'niph  of  the  current  which  passed  lictwe^n  the 
tmfMx  tnuisveise  to  the  inngiietic'liiicR  of  force  It  wiis  necessary  for  the 


light  from  the  iiiiihule  to  imss  llivc.UBll  the  llDJiriw  rorfs  of  tliu  lIliiKnct. 
This  wiiH  !U'('oiii|ill-<lie(1  by  MttiiiK  the  two  iH>rtloiiH  of  llic  tiilie  agniiist 
Iht!  uiiignet,  as  hIiowh  In  jihotogruph.  Fli;.  8.  Ati  aiixllhiry  wixxleu  tube 
2p  cm.  square  and   12.5  ciii.  lon^  was  plai'cd  between   Ibe  colls  of  Ibe 


mngnet  to  shut  out  nil  light  except  from  the  pluhole.  niid  to  hold  rigidly 
the  insulating  glnss  tiibe!>,  which  flrmly  held  the  rods  containing  the  points. 
An  opening  wns  cut  In  Ibc  upper  Hide  of'tliis  jiiixillnry  tube  and  a  suitalffe 


Clip  provided,  so  tlmt  one  ctinld  oiislly  o|)Cn  It  to  adjust  (lie  polntB,  or  to 
observe  the  nntiire  of  the  discliiirge,  Tlie  InKlde  of  all  portions  of  thv 
tube  and  tho  InRjdc  of  the  hiillo\v  cores  were  pulutcd  a  dead  black. 
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When  a  photograph  of  the  dlschnrgo  parallel  with  the  lines  of  force 
was  desired,  the  niaguet  was  turned  with  its  axis  perpendicular  to  the  axis 
of.  the  tul)e,  and  the  glass  tubes,  held  in  position  by  corks  in  the  hollow 
cores,  provided  insulation  for  the  rods  holding  the  points.  In  this  case 
also  an  auxiliary  tube  12.5  cm.  square  and  1  meter  long  was  placed  between 
the  coils  and  telescoped  into  the  two  portions  of  the  longer  tube  whicli 
were  too  large  to  lit  between  the  coils.  This  small  tube  had  a  circular  hole 
In  each  of  two  sides  to  receive  the  pole  pieces  of  the  magnet,  and  another 
in  the  upper  side  similar  to  the  one  in  the  flret  auxiliary  tube  described. 

In  all  cases  the  magnet  was  electrically  connected  to  earth  and  the 
wires  bearing  the  current  were  separated  from  the  walls  of  the  room 
and  from  the  camera  by  mtans  of  glass  tubing,  when  they  were  too  near 
for  the  air  to  insulate  them.  All  metal  parts  used  in  the  magnetic  field, 
such  as  screws  In  the  auxiliary  tubes,  were  of  brass. 

When  studying  the  deflection  of  the  discharge  due  to  electrostatic 
deflection,  the  tube  was  used  as  shown  in  Fig.  1.  Two  brass  plates 
8  by  5  cm.  were  placed  one  above  the  other  below  the  points.  They  were 
held  in  position  by  brass  rods  soldered  perpendicularly  to  them  at  the 
center.  The  rods  were  firmly  fitted  Into  glass  tubes  which  passed  through 
the  upper  and  lower  sides  of  the  tube.  For  part  of  the  work  the  plates 
were  connected  electrically  in  multiple  circuit  with  tho  points,  while  for 
the  other  part  they  were  charged  by  means  of  a  small  lloltz  machine. 
The  points  were  chargt»d  by  a  four-mica  i)late  Wagner  electrostatic  machine, 
from  which  the  Leyden  jars  had  been  removed.  Both  the  Wagner  and  the 
Holtz  machines  were  run  by  electric  motors  with  rheostats  in  circuit  for 
varying  the  speed.  Sixteen  different  sjieeds  were  possible  with  the 
Wagner,  and  eight  with  the  Iloltz  machine. 

The  points  were  made  of  brass  pins  1.15  mm.  in  diameter  and  4  cm. 
long.  They  were  put  in  a  lathe,  sharply  pointed  by  means  of  a  carborundum 
stone,  and  made  to  sloi)e  2.5  cm.  from  the  end.  They  were  soldered  into 
the  ends  of  brass  rods  5.57  mm.  in  diameter. 

TRANSVERSE   MA(JNETTC    FIELD. 

The  apparatus  was  first  adjusteil  with  the  points  at  right  angles  to 
the  direction  of  the  magnotic  lines  of  f«ine  and  the  photographs  of  series 
A,  B,  C  and  D  were  taken. 
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Si^ries  A  is  a  glow  discharge  representing  tlie  lowest  speed  of  the 
inacliine.  (Nothing  was  visil)lo  l>etw(»en  the  i)oinls  in  the  darkened  tube. 
EaeL  point  showed  a  tiny  bright  si^eck.) 

Series  B  is  a  brush  discharge  representing  a  higher  speed.  (A  violet 
stream  extended  about  0.8  cm.  from  the  positive  point.  The  negative  point 
showed  only  a  bright  speck.) 

Series  C  is  a  visible  spark  discharge  representing  the  lowest  speed 
at  which  a  visible  spark  is  maintained.  The  spark  was  changed  to  brush 
when  the  magnet  was  excited. 

Series  D  is  a  visible  spark  discharge  representing  the  highest  speed  of 
the  machine. 

The  six  numbers  of  each  series  were  taken  in  succession  as  rapidly 
as  possible,  it  reQuirlng  20  to  30  minutes  to  complete*  the  series.  In  the 
photographs,  the  longer  stream  is  the  one  from  the  positive  terminal  and 
the  shorter  one  the  stream  from  the  negative  electrode.  If  the  i>ositive 
stream  is  from  right  to  left  It  is  designated  as  the  first  direction ;  if  from 
left  to  right  as  .^jocond  direction.  Nos.  1,  2,  3  then  show  current  in  the  first 
direction,  while  Nos.  4,  5  and  G  show  current  in  the  second  direction.  If 
the  magnet  was  excited  so  that  the  sense  of  the  lines  of  force  was  from 
back  to  the  front  of  the  photograph  (I.  e.,  after  correcting  for  the  reversal 
in  direction  caused  by  printing  from  the  plates),  the  magnetization  is  des- 
ignated as  first  dlre<tion  and  those  with  the  lines  of  force  from  front  to 
back  of  the  page  are  designated  as  magnetized  in  the  second  direction. 
Following  then  this  plan,  Nos.  2  and  5  show  the  current  in  a  field  of  the 
first  direction,  while  Nos.  3  and  G  show  the  current  in  a  field  of  the  second 
direction,  and  Nos.  1  and  4  show  it  when  the  magnet  was  not  excited.  It 
may  be  observed  from  the  photographs  that  the  streams  In  series  A,  B,  C 
and  D  are  deflected  as  if  they  wei-e  flexible  conductors  bearing  a  current 
in  so  far  as  direction  of  deflection  is  concerned,  thus  indicating  that  the 
stream  is  one  of  charged  particles. 

The  magnetic  field  strength,  measured  by  a  bismuth  spiral,  was  about 
0,400  lines  per  sq.  cm.  in  the  region  of  the  i>oints.  The  points  were  18.05 
ram.  apart.  The  potential  of  the  points  was  the  highest  for  series  B  and 
did  not  increase  as  the  speed  increased,  as  w^as  suggested  in  the  earlier 
work.  The  potential  increased  with  the  speed  only  until  the  sparks  began 
passing,  when  it  fell  sometimes  as  much  as  4,000  volts.  When  the  speed 
was  further  increased,  the  current  increased  but  the  potential  remained 
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practically  constant.    The  following  table  shows  the  changes  which  occnrred 
as  the  speed  of  the  machine  was  increased : 

Potential  expressed  in  volts,  current  expressed  In  amperes.    Distance 
between  points,  18.05  cm. 

Table  1. 


VoIU«e 
before 

VolUfle 

Current 

Current 

Spend 

magnet 

with 

no 

with 

was  excited 

Magnetism 

Magnetism 

Magnetism 

1 

23000 

24000 

.00014 

.00014 

2 

24500 

24500 

.00017 

.00017 

3 

25300 

25300 

.00021 

.00021 

4 

26200 

26200 

.00025 

.00025 

5 

26500 

26500 

.00029 

.00029 

6 

27000 

28300 

.00035 

.00035 

7 

25300 

28300 

.00037 

.00037 

8 

24000 

28300 

.00044 

.00044 

9 

23000 

28300 

.00052 

.00049 

10 

22800 

28300 

.00059 

.00054 

11 

22800 

28300 

.00058 

.00056 

12 

23000 

28300 

.00065 

.00059 

13 

22800 

28300 

.00072 

.00069 

14 

22300 

26500 

.00078 

.00076 

15 

22300 

25000 

.00083 

.00083 

16 

22300 

25000 

.00086 

1 
1 

.00084 

Type  of  discharge 
£ffect  of  magnetism  on  form  of  discliarge 


Glow  discharge. 
It  It 

Small  brush  at  anode. 

Increased  brush  at  anode. 

Occasional  spark. 

Spark  changed  to  brush  by  magnetism. 


It 
II 
11 


n 
•I 


II       It       l(    tl     11 


l< 
II 
II 
•« 


<l 
•I 
II 
II 


"  partially  changed  *JA* brash  by  magnetism. 


II       <• 


II     II      11 


Path  curved  but  spark  not  stopped. 
"        "      spark  scattered. 


In  the  above  table,  the  current  wa.*«  nionsured  by  means  of  a  Wt^ton 
milli-ammeter,  and  the  potential  by  means  of  an  electroscope.  This  elec- 
troscope was  made  of  two  brass  discs  10  cm.  in  diameter  mounted  in  ver- 
tical planes  on  ebonite  supports  which  were  fitted  to  a  common  base.  Tlie 
distance  between  th^  plates  could  be  varied  by  moving  the  supports.  At 
the  top  of  one  of  the  discs  was  soldered  a  support  holding  a  small  needle 
upon  which  was  suspended  a  brass  vane  which  carried  a  pointer  at  the 
low^er  end.  The  pointer  moved  in  front  of  a  scale  which  was  calibrated 
by  connecting  In  multiple  with  the  discs  two  No.  12  Thomas  Harper  needles 
(sharps),  measuring  the  critical  spark  length  between  them  and  comparing 
with  the  table  prepared  by  H.  W.  Fisher.*  The  position  of  the  pointer  was 
read  through  a  telescope  placed  two  meters  in  front  of  the  scale.  The 
potential  read  by  this  apparatus  amounted  to  only  a  rough  estimate,  since 
it  could  not  safely  be  trusted  nearer  than  150  volts.  This  was  especially 
true  when  the  sparks  did  not  pass  rapidly  in  succession  because  the  vane 


*  H.  W.  Fisher,  Transactions  of  International  Electrical  Congress,  Vol.  2,  pp. 
204-312,  St.  Louis,  1904. 
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vibrated,  rising  almost  to  tlie  critical  Hi)ark  potent lal,  and  falling  almost  to 
zero.    In  this  case  tlie  mean  position  was  recorded. 

"  '  It  may  be  observed  from  the  above  data  that  when  the  form  of  dis- 
charge was  not  changed  by  the  magnetic  field,  there  was  no  change  in 
the  current  or  the  potential,  and  that  when  the  form  of  discharge  was 
changed  there  was  an  Increase  in  the  potential,  and  often  a  decrease  in  the 
current.  The  photographs  of  series  A  correspond  to  speed  1,  B  to  speed  4, 
C  to  speed  6,  and  D  to  speed  16. 

LONGITUDINAL    MAGNETIC    FIELD. 

After  taking  the  above  data  the  magnet  was  turned  through  an  angle 
of  90**,  and  four  series  of  photograi)hs  taken  of  the  discharge  parallel  with 
the  lines  of  force.    Thew  are  as  follows : 

E — silent  glow  discharge  same  as  A. 

F — brush  discharge  same  as  R. 

G — spark  discharge  same  as  C. 

H — spark  discharge  same  as  D. 

Distance  betwoen  jmints,  17.88  mm. 

Of  these  photographs,  none  show  a  cliange  of  form  except  those  of 
series  H.  In  this  case  the  rich  si)ark  was  sometimes  scattered,  and  some- 
times transformed  to  a  wide  violet  brush  at  the  positive  iK)int  when  the 
magnet  was  excited.  In  the  first  case  it  generally  consisted  of  a  visible 
undeflected  central  thread,  with  spiral  thread  encircling  it  like  the  threads 
of  a  tapering  screw,  the  larger  diameter  of  the  spiral  being  at  the  positive 
point,  and  all  merging  together  at  the  negative  terminal.  Sometimes,  how- 
ever, the  central  thread  was  absent  and  only  the  spiral  showed.  The  sense 
of  the  rotation  of  the  spiral  was  the  same  as  that  of  the  halo  of  luminous 
gases  about  the  spark  of  an  induction  coil  in  a  longitudinal  magnetic  field. 
In  degree  of  deflection  it  was  much  less.  In  the  case  of  the  discharge 
Htudied  here,  the  spiral  was  only  a  few  millimeters  in  diameter  In  a 
magnetic  field  of  G,400  gau.sses,  while  the  halo  about  the  spark  of  an  induc- 
tion coil  showed  a  spiral  of  four  or  five  centimeters  in  diameter  in  a  field 
of  about  1,000  lines  per  square  centimeter.  Photographs  3  and  5  show 
the  point  discharge  when  the  positive  ions  move  In  the  same  direction  as 
the  lines  of  force,  while  in  Nos.  2  and  0  the  magnetic  field  is  In  the  opjiosite 
direction  to  that  of  the  discharge.  Unless  there  was  a  change  of  form  of 
discharge,  no  change  of  potential  nor  of  current  occurred  when  the  mag- 
nets were  excited.  Some  changes  of  potential  with  transformation  of  form 
of  d|9charg^  are  a^  fp]low9 ; 


°  I- 
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Table  2. 


I  Voltage  before 

Speoi!       ^*«"®* 
I  was  excited 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

II 

12 

13 

14 

15 

16 


Voltage  with 
Magnetism 


20000 

22500 

22500 

22500 

20000 

22500 

18800 

26500 

18800 

24000 

18800 

23500 

18800 

18800 

18150 

25000 

18150 

18^ 

18150 

18150 

18150 

24000 

18800 

25000 

18800 

24000 

18500 

25000 

Type  of  discharge 
KfTcct  of  Magnetism  on  form  of  discharge 


Glow. 

Small  brush. 

Occasional  spark.  - 

Changed  to  brush  by  magnetism. 

No  change. 

Changed  to  brush.          ^ 

t  t                      t  I           t  4 

•  1                      till                                                                  J 

it                      <  1           < 1 

No  change. 

Changed  to  brush. 

Not  changed  to  brush. 

No  change. 

Changed  to  deflected  scattered  sparks 

Changed  to  brush. 

Scattered  deflected  sparks. 

Changed  to  brush. 

•1 

1 

The  above  table  sbows  that  there  is  no  ix'gubirity  in  the  changes  in 
the  discharge  due  to  tlie  influence  of  the  magnetism.  In  No.  11  the  sparlv 
discharge  was  entirely  chauged  to  brush  for  a  while,  then  broke  into  a 
spark  again,  changing  sometimes  two  or  three  times  per  minutel  When  the 
exciting  current  was  stopped  the  sparking  was  again  resumed.  In  the  many 
complete  sets  of  readings  similar  to  the  al)ove  it  was  found  that  this  change 
appearing  in  No.  11  occurred  for  any  of  the  spark  discharges,  but  the  actual 
condition  that  caused  it  was  not  discovered.  -  One  could  not  foretell  when 
the  discharge  would  be  altered  by  the  influence  of  the  magnetism.  Series 
Ha  shows  photographs  of  the  same  sort  of  <i4scharge  as  Hi,  in  which  there 
was  np  change  due  to  magnetism.  These  were  taken  twenty-four  hours 
later  than  those  of  lli,  and  on  this  particular  day  no  change  occurred  in  the 
discharge,  when  the  current  was  in  the  tllrection  shown  in  II^,  while  on  the 
previous  day,  with  the  same  conditions  in  so  far  as  apparatus  w^as  con- 
cerned, the  spark  was  changed  to  i)rush  every  time  the  exciting  current  was 
closed,  regardless  of  the  dir^^ction  of  the  magnetism.  In  series  Hj  the 
spark  was  changed  to  brush  by  the  magnetism  when  the  other  point  was 
made  positive,  the  plmtogniphs  being  like  the  corresponding  ones  of 
series  Hi. 


[17-^2r)988] 
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TKANSVKUSE  KLK(rrROSTATlC  FJKLI). 

The  magnet  was  then  removed  and  tlie  deflection  of  the  discharge 
gtndied  in  an  electrostatic  field.  With  the  apparatns  as  previously  de- 
scribed and  with  the  electrostatic  plates,  the  points  and  the  electroscope 
shunted  in  parallel  circuit,  tlie  four  series  of  i)hotograph8  I,  J,  K  and  L 
were  taken.  The  following  is  a  record  of  the  potential  and  the  current 
in  each  case,  the  forms  of  discharge  for  series  I,  J,  K  and  L  corresponding 
to  those  of  A.  B,  C  and  D  respectively : 

Distance  between  points,  18.05  mm. 


T.\BLE  3. 


Sign  of 

RiKht 

hand  point 


Potential 

in 

Volts 


Current 

in 
Amperes 


1 

none 

-^ 

17850 

.00019 

l2 

-h 

-h 

17700 

.00019 

' : 

■^ 

f 

17500 

.00016 

none 

— 

16270 

.00016 

5 

H- 

— 

15150 

.00015 

6 

— 

— 

16270 

.00015 

1 

none 

■t 

18900 

00027 

2 

-h 

-f- 

19425 

.00036 

J 

3 

— 

f 

19500 

.00036 

4 

none 

14700 

.00026 

5 

-h 

— 

17400 

.00026 

6 

— 

.« 

17260 

.00026 

1 

none 

-f 

16800 

.00039 

2 

+ 

-h 

17700 

.00051 

V 

3 

— 

4- 

19200 

.00052 

Changed  to  hnulh. 

^    4 

none 

— 

15600 

.00052 

5 

-f 

— 

17900 

.00052 

6 
1 

— 

18370 

.00051 

Partially  changed  to  brush. 

none 

+ 

16725 

.00092 

2 

+ 

+ 

18000 

.00089 

L 

3 

— 

+ 

17700 

.00091 

4 

none 

* 

13950 

.00088 

5 

+ 

__ 

16875 

.00094 

6 

'^■^ 

16800 

.00090 

The  variation,  of  the  potential  and  current  in  any  series  in  the  above 
table  except  for  (3  and  6)  K,  was  due  to  a  decrease  of  speed  of  the  motor. 
This  was  caused  by  a  drop  in  potential  when  a  large  current  was  used  in 
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some  other  part  of  the  building.  It  retiulred  at  least  two  hours  to  complete 
the  four  series.  The  current  and  i>otential  were  read  just  before  the  pho- 
tographic plate  was  exposed. 


ELECTBOSTATIC  AND  MAGNETIC  FIELDS. 

The  magnet  was  again  placed  in  the  position  so  that  the  line  of  dis- 
charge between  the  i>oints  was  transvorj^e  t(»  the  magnetic  lines  of  force, 
and  with  the  electrostatic  plates  above  and  below  the  points,  an  attempt 
was  made  to  balance  the  effect  of  the  elo(  trostatic  field  against  that  of  the 
magnetic  field.  In  this  work  the  plates  were  charged  by  a  Iloltz  machine 
with  plates  4.3  cm.  in  diameter.  A  gnmnd  glass  placed  in  the  end  of  the 
i-amera  opposite  the  pinhole  showed  clearly  the  jmth  of  discharge.  The 
speed  of  the  Iloltz  machine  and  the  strength  of  the  exciting  current  of 
the  magnet  were  then  regulated  until  the  stream  under  the  action  of  both 
fields  was  the  same  as  when  no  field  influenced  it ;  then,  the  ground  glass 
was  renloved  and  was  replaced  by  a  pliotograiihic  plate.  Two  series  of 
these  photograi)hs  are  shown  here,  M.  for  the  spark  discharge  which,  under 
the  influence  of  magnetism  alore  was  changed  to  brush,  and  N  for  the  rich 
spark.  It  was  not  difficult  to  balance  the  two  fields  in  the  case  of  the 
rich  spark,  but  with  the  unstable  si)ark  they  were  not  su(*cessfully  balanced. 
Sometimes  with  this  type  a  very  low  magnetic  field  seemed  to  predominate 
over  the  electric  field.  This,  if  true,  conforms  with  the  statement  made 
in  the  previous  repcrt  that  tlie  magnetic  effect  is  greatest  when  the  dis- 
charge is  on  the  Vii-ge  of  changing  from  one  form  to  the  other.  Data  as 
follows : 

Distance  between  points,  18.05  cm.  IT  is  the  magnetic  field  strength  in 
gausses. 

Table  4. 


Distance 

between 

Potential 

Plates 

Diflforenco 

Id  cm. 

in  Volts 

1 

5.4 

146')0 

2 

5.4 

146'J0 

3 

5  4 

150tH) 

4 

5  4 

ISIXX) 

5 

6.1 

2«WK) 

6 

6.1 

268  M) 

I  Potential 
Gradient 
^  X 

2710 

2710 

I      278') 

'       27H ) 

'      4:{r»:» 

4360 


H 


4;}iM) 
4;{tH) 

2550 
3is')0 
IWM) 
10<M) 


Velocity  of 
Ion 


6.3  X  10' 
6  3x  10' 
1.9  X  in"* 

7.4  X  lo' 
2  7x  10^ 
2.7x  10^ 


Form  of 
Discharge 


Values  for 
e 

m 


I    small  brush 
I  occasional  spark 

rich  spark 
'  spark 

rich  spark 


xlO^ 
xlO« 


xlC^ 


7.8 

7.5 

7.1 

1.2   xlO-"^ 

1.36  xlO^ 

1.36  X  lO-** 


Series  M 
SerietsN 


I  ■  I  ■  ■ 

II  * 
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It  seems  probable  that  the  speed  of  the  ion  might  be  calculated  from 
the  relative  deflection  of  a  similar  form  of  discharge  under  influence  of  the 
magnetic  and  electrostatic  fields  separately.  The  distance  between  the 
points  was  the  same  in  both  cases  and  therefore  the  potential  at  the  points 
would,  no  doubt,  remain  of  the  same  order,  even  though  there  was  some 
change.  On  the  photographs  a  line  may  be  drawn  directly  between  the 
points,  and  a  second  line  drawn  through  the  extremity  of  the  negative 
electrode  perpendicular  to  the  first  line.  If  then  a  third  line  is  drawn 
from  the  positive  point  In  the  direction  of  the  deflected  stream  and  extended 
to  meet  the  second  line,  the  distance  to  the  Intercept  of  the  second  and  third 
lines  from  the  extremity  of  the  negative  electrode  should  be  proportional 
to  the  deflection.  Taking  the  distance  to  this  intersection  for  the  upward 
deflection,  we  have : 


A* 


Hev  =  K  tan  Bi,  lu  case  of  the  magnetic  effect  where  11  Is  the  magnetic 
field  strength  In  gausses,  e  the  charge  on  the  Ion,  v  the  speed  of  the  ion, 
Oi  the  angle  of  deflection,  and  K  is  a  constant  which  depends  on  the  poten- 
tial drop  along  the  path  of  discharge. 

In  case  of  the  electrostatic  deflection,  X  e  =  K  tan  Gi  where  X  is  the 
potential  gradient  between  the  electrostatic  plates  and  Ot  the  angle  of 
deflection. 

Solving  each  equation  for  K  we  have 

Hev         Xe 


K  = 


tanBi,      tanOs 
If  the  111  and  h-  are  the  distances  from  the  negative  point  to  the  Inter- 
cept In  the  two  cases,  and  1  the  distance  between  the  points,  we  have 


(Hv  tan  Bj  =  X  tan  Gi) , 


Hvh,       Xh,  h,X 

=  — ,  and  v  = 

1  l  h^H 


Since  the  discharge  does  not  always  pass  directly  between  the  points 
when  no  transverse  field  exists,  it  would  probably  be  more  accurate  to  take 
the  average  value  of  h  for  the  upward  and  downward  deflection.    Making 


263 


the  suggested  measurement  in  ease  of  photographs  2  and  3  of  series  A  and 

2  and  3  of  series  I,  we  have 

2.8  X  17600  X  108 

V  = =  4.7  X  10^  cm.  per.  sec. 

3.2x5.1x6400 

Values  for  other  photographs  calculated  by  tho  same  method  appear  in 
Table  6. 

The  above  values  for  the  speed  of  the  positive  ions  approximate  those 
given  for  positive  ions  in  rarefied  gases.  The  highest  value  obtained  by 
other  investigators  for  the  gaseous  ion  at  atmospheric  pressure,  found 
recorded  by  the  author,  is  by  Helen  E.  Schaefer  of  5x10*  cm.  per  second. 
Her  value,  obtained  by  use  of  a  rotating  mirror,  is  given  as  the  average 
speed  along  the  sparic  path,  and  not  the  initial  speed  obtained  by  the  method 
used  in  this  investigation. 

The  curved  path  of  the  stream  in  series  D  can  not  be  considered  in  con- 
nection with  the  ordinary  formula  for  centripetal  force  in  solving  for  a 
value  for  the  ratio  of  the  charge  to  the  mass,  because  here  the  ion  is  under 
the  influence  of  the  charge  on  the  opposite  point.  If,  however,  the  value 
obtained  by  the  above  method  can  be  regarded  as  the  initial  speed  of  the 
positive  ion  the  equation  imv'=Ve  can  be  used  to  calculate  the  valuta 

e 
for  — ,  In  the  above  equation  m  is  the  mass  of  the  ion,  v  its  speed,  V  the 

m 
[)0tential  between  the  jwints  and  e  the  charge  on  the  ion.     Since  v  is  the 

initial  speed  the  two  expressions  for  the  energy  are  independent  of  the 

cf)urse  taken  by  the  ion  between  the  points,  and  also  independent  of  any 

subsequent  speed.     Some  values  of calculated  by  means  of  this  expres- 

m 
slon  are  as  follows: 

e        1   v'       1    (4.7xl0^)» 

Series  A   No3.  2  and  3^  —  = = —  4.6  x  10^  cm.  per.  sec. 

m        2   V         2  23000  x  lO** 

Table  5. 


BflnQS. 


Nos.  in  Series. 


A  Md  I 

2  and  3 

A    ••     1 

5   "    6 

B    ••     J 

2   "    3 

C    ••    K 

2    "    3 

C    "    K 

5    ••    6 

D 

^ 

Speed  V  in  cm.  per.  sec. 

4.7x10" 
I  X  10** 
2.6  X  10^ 
6  xlO" 
2.7x10^ 
1.6  X  10** 


e 
ni 


4  6  X  10' 
2  17x10^ 
13  xlO^ 
6  7  xlO' 
13    X  10* 

5  12x10' 


264 

The  average  speed  of  all  results  is  used  In  determining  the  value  of  

m 

given  for  series  D.    The  values  for column  4  are  calculated  for  series 

m 

Q 

A,  B,  C  and  D  only.     The  values  for given  in  table  4  are  determined 

m 
in  the  same  manner  as  shown  above. 

A  great  variation  exists  in  the  calculated  values  of  the  speed,  and  con- 

sequently  in  the  determination  of One  cause  for  this  is,  no  doubt,  the 

m 
error  introduced  in  measuring  the  potential.    Also  since  the  measurement 

of  speed,  is  determined  by  deflection,  a  large  error  may  be  introduced, 

due  to  convection  currents,  due  to  the  heated  air  along  the  course  of  the 

spark,  and  to  disturbances  of  the  air  due  to  rapid  changes  of  pressure  along 

the  spark  path. 

It  may  be  observed  that  the  path  of  the  stream  from  the  point  (except 
in  case  of  the  spark  discharge  in  the  magnetic  fleld),  is  a  straight  line  and 
not  a  curved  path.  There  is  very  little  if  any  bending  to  meet  the  oppo- 
site point.  If  we  consider  the  stream  as  composed  entirely  of  ions  we 
might  explain  this  phenomenon  by  supposing  that  the  Ions  either  lose 
their  charge  immediately  after  leaving  the  points,  or  by  assuming  that 
each  ion  is  given  a  constant  acceleration  in  two  directions  at  right  angles 
to  each  other.  Another  view  may  probably  be  taken  In  which  the  photo- 
graphed stream  is  considered  to  be  a  mixture  of  ions  and  air  molecules 
under  different  pressure  than  the  surrounding  air,  hence  having  a  different 
Index  of  refraction.  The  ions  start  at  a  high  speed  from  the  point  in  a 
direction  which  depends  on  the  influencing  fields.  They  soon  encounter 
molecules  of  air  imparting  their  speed  to  a  great  extent  to  the  air  mole- 
cules. This  bombardment  on  the  air  molecules  tends  to  ionize  them  and 
to  raise  their  temperature  and  the  original  ions,  with  the  ionized  and 
un-ionized  molecules  of  air  continue  a  short  distance  at  least,  in  the 
original  direction.  The  unionized  air  particles  would  continue  along  this 
line  until  sc.it tcred  by  encountering  new  molecules,  while  the  ions,  too  much 
scattered,  and  with  speed  too  much  decreased  to  produce  a  well  defined 
air  current,  travel  by  some  other  route  to  the  oi)i)Oslte  electrode. 

This  view  explains  the  apparent  contradiction  that,  although  there 
must  be  a  carrier  of  electricity  between  the  points,  the  photographed 
stream  does  not  terminate  on  the  opposite  point.    In  case  of  the  rich  spark, 
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which  takes  on  more  and  mure  the  form  of  an  arc  as  the  speed  of  the 
machine  increases,  the  air  insulation  is  hroken  down,  the  air  is  more 
highly  heated  and  more  highly  ionized  along  tlie  spark  path,  and  a  greater 
number  of  ions  will  travel  along  this  narrow  path  with  great  speed  and  due 
to  the  outer  ones  encountering  the  air  molecules,  the  stream  will  follow 
more  nearly  the  curvature  of  the  spark.  Farther  from  the  point  their 
speed  becomes  so  small  and  they  become  so  much  scattered,  they  do  not 
set  up  a  stream  so  well  defined.  This  same  hypothesis  applies  to  the  expla- 
nation of  the  scattered  stream  when  it  was  deflected  by  an  electrostatic 
field.  The  stream  retains  practically  its  original  diameter  past  the  oppo- 
site terminal  for  the  magnetic  deflection  in  case  of  the  glow  and  brush  dis- 
charge, and  although  scattered  may  be  traced  nearly  to  the  opposite  point 
in  the  spark  discharge.  In  case  of  the  electrostatic  deflection,  the  dis- 
charge without  the  transverse  field  Is  quite  as  well  defined  as  those  of  the 
magnetic  defiected  series,  while  with  the  transverse  electrostatic  field  the 
stream  is  short  and  not  so  well  defined.  If  the  Ions  moving  with  great 
speed  start  from  the  point,  and  soon  by  their  bombardment  start  a  current 
of  air,  at  the  same  time  lowering  their  own  speed,  they  will  certainly 
be  scattered,  part  of  them  going  to  the  oppositely  charged  plates,  and  part 
to  the  opposite  point. 

If  the  majority  of  the  negative  ions  are  considered  to  be  ordinary  elec- 
trons and  those  from  the  positive  point  equal  in  mass  to  the  hydrogen 
atom,  the  kinetic  energy  of  the  positive  ions  will  be  far  greater  than  the 
negative.  They  will  therefore  carry  with  them  a  greater  current  of  air. 
Perhaps  It  may  be  permissible  to  assume  that  the  negative  ions  are  not 
all  single  electrons,  since  It  has  been  shown  by  J.  J.  Thomson*  In  case 
of  discharge  Is  rarefied  gases,  that  negative  ions  exist  nearly  equal  In 
mass  to  the  positive  ions,  and  have  the  same  initial  speed.  The  greater 
the  per  cent  of  these  large  ions  the  greater  will  be  the  amount  of  air 
set  in  motion,  the  greater  the  velocity  of  the  stream  as  a  whole,  and  the 
more  defined  the  stream.  If,  then,  the  assumption  is  made  that  the  stream 
is  produced  by  the  larger  Ions,  It  explains  the  equal  defiection  of  the  posi- 
tive and  negative  streams  In  case  of  the  magnetic  deflection. 

A  few  of  the  photographs  show  peculiar  characteristics.  In  some 
there  are  two  streams  from  the  positive  point.    It  was  not  learned  whether 


*J.  J.  Thomson   (Phil.   Mag.  Ser.  6,  Vol.   16,  pp.  657-691),  1908;  also   (Phil. 
Ung.  Ser.  6,  Vol.  18,  pp.  821-844),  1909. 
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this  was  caused  by  two  brauohes  of  the  discharge,  or  by  a  change  of  direc- 
tion of  the  discliarge  during  the  exposure,  but  the  clear  Interference  bands 
aT>out  the  stream  indicate  that  the  former  is  correct.  Another  is  the 
peculiar  deflection  of  the  negative  stream  of  No.  6  F.  Many  photographs 
were  taken  and  many  observations  were  made  with  the  ground  glass  In  an 
attempt  to  secure  a  duplicate  of  this,  but  with  no  success. 

In  the  previous  work  tlie  negative  stream  was  not  deflected  by  a  mag- 
netic field  of  1,500  gausses,  but  in  this  the  deflection  was  well  shown  where 
the  stream  is  clear  enough.  The  negative  stream  is  in  very  few  cases  as 
long  or  as  well  defined  as  the  positive.  Also  in  the  previous  work,  it  was 
found  that  if  the  knobs  of  the  electrostatic  machine  were  placed  sufficiently 
close  together,  a  spark  passed  between  them,  while  between  the  points 
there  was  a  violet  stream,  which  was  not  shown  on  the  plate  or  per- 
ceptibly deflected  by  the  magnetic  field.  An  attempt  to  deflect  this  stream 
with  a  stronger  field  was  not  successful. 

In  repeating  the  work  of  Precht'.  particular  attention  was  given  to  his 
observation  with  the  point  cathode  and  the  blunt  wire  anode,  that  the  spark 
changed  to  brush  and  the  potential  rose  when  the  magnet  was  excited. 
The  writer  found  that  this  change  occurred  in  a  great  majority  of  the 
observations  made,  but  it  was  found  to  occur  also  in  as  great  a  per  cent 
of  the  observations,  whether  the  discharge  passed  between  the  points, 
point  anode  and  blunt  wire  cathode,  or  point  cathode  and  blunt  wire  anode, 
whatever  the  sense  of  the  magnetism  with  reference  to  the  current  In  a 
few  cases  a  brush  would  break  into  a  rich  spark,  but  all  attempts  to  deter- 
mine the  conditions  which  caused  the  changes  were  unsuccessful.  In  the 
previous  report  it  was  suggested  that  in  case  of  the  discharge  between  two 
points  the  change  in  type  of  discharge  might  be  explained  as  a  result  of  a 
change  of  the  spark  length,  but  after  repeating  the  experiment  it  was 
concluded,  as  was  suggested  by  Precht\  that  although  the  length  of  spark 
path  might  be  partly  the  cause,  it  was  not  the  whole  cause.  No  attempt 
was  made  to  reproduce  the  exact  condition  of  Prechf  s  experiment  either 
in  the  form  or  size  of  the  point,  but  no  doubt  If  these  had  been  fulfilled  the 
atmospheric  and  other  conditions  would  have  entered  which  would  have 
made  the  results  variable  because  with  no  part  of  the  apparatus  altered 
in  any  way  entirely  opposite  transformations  were  found  to  exist  on 
different  days. 


•J.  Preclit,  Wled.  Annalen   (66-4,  pp.  676-697),  1898. 
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As  a  final  study  three  mg.  of  radium  bromide  were  placed  beueath  the 
points,  5n  an  attempt  to  change  the  form  of  discharge,  as  described  by 
A.  E.  Garrett",  for  discharges  between  blunted  wires.  The  radium,  which 
was  contained  in  an  unstoppered  glass  tube,  was  held  by  an  ebonite  rod  so 

that  both  fi  and  /^  particles  might  reach  the  air  in  the  path  of  discharge. 
Xo  effect  was  observed  except  that  which  could  be  produced  by  a  glass  rod 
in  the  same  position. 

SUMMARY   OF   RESULTS. 

A  summary  of  the  results,  as  given  in  this  and  the  previous  report,  is : 

(1)  The  positive  stream  between  the  points  for  a  spark  or  brush 
discharge  was  deflected  by  a  magnetic  field  as  low  as  1,000  gausses,  and 
both  positive  and  negative  streams  for  glow,  spark  and  brush  discharge 
were  deflected  by  a  magnetic  field  of  6,400  gausses.  In  all  cases  the 
direction  of  deflection  was  in  accordance  with  electro-dynamical  laws. 

(2)  In  most  cases  a  change  of  type  of  discharge,  and  an  increase  of 
potential  between  the  iwints  was  caused  by  excitation  of  the  magnet. 

(3)  The  direction  of  the  photographed  stream  for  a  spark  discharge 
i\A  it  leaves  the  point  is  the  same  as  the  visible  direction  of  the  spark. 

(4)  TJie  si74^  of  the  stream  at  the  points  (measured  with  a  microm- 
eter microscope  between  the  outer  edges  of  the  central  dark  band)  is 
independent  of  the  potential  between  the  points. 

(5)  Tiie  stream  was  deflected  by  an  air  current,  the  negative  being 
deflected  more  than  the  positive. 

(0)  The  stream  for  the  richer  spark  (i.  e.,  for  the  higher  speeds  of 
tlie  machine)  increased  in  width  as  the  distance  from  the  point  increased, 
while  the  stream  for  the  glow  discharge  retained  its  original  size  as  far  as 
it  could  be  traced. 

(7)  The  stream  was  deflected  by  an  electrostatic  field,  in  which  case 
it  was  shorter  and  more  scattered  than  in  case  of  the  magnetic  deflection. 

(8)  Values  for  the  speed  of  the  ion  were  calculated  from  the  angle 
of  deflection,  in  magnetic  and  electrostatic  fields,  and  by  placing  the  two 
fields  in  opposition.    The  average  of  these  was  1.6x10*  cm.  per  second. 

(9)  From  the  kinetic  energy  of  the  moving  ion  and  the  product  of 

the  potential  between  the  points  and  the  charge  on  the  ion  values  for    

m 
are  calculated,  the  average  value  found  being  1.8x1 0'. 


•A.   K.    Garrett,    B.    Sc. — The   Phys.    Soc.   of   London    Proceedings,    Dec.    1909, 
page  643. 
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(10)  A  suggestion  is  given  that  the  stream  consists  of  heated  air 
molecules  and  ions,  in  which  the  latter  soon  lose  their  velocity,  due  to 
encountering  air  molecules,  and  travel  to  the  opposite  point  with  a  speed 
too  much  decreased  to  set  up  an  air  current,  along  a  route  determined  by 
the  two  fields,  while  the  un-ionized  air  moves  in  the  direction  given  it  by 
the  ions  at  the  point. 

The  above  investigation  was  suggested  by  Professor  Arthur  L.  Foley, 
of  Indiana  University.  I  wish  to  thank  him  and  Professor  R.  R.  Ramsey 
for  their  helpful  suggestions  during  the  course  of  the  investigation.  I  wish 
also  to  thank  Professore  A.  T.  Jones  and  O.  M.  Smith,  of  Purdue  University, 
for  their  criticism  during  the  preparation  of  this  report. 

Physical  Laboratory  of  Indiana  University, 
Bloomington,  Ind. 
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The   Huron    Group   in    Western    Monroe   and   Eastern 

Greene  Counties,  Indiana. 


By  F.   C.   Grkene. 


The  oponinff  of  the  right-of-way  of  the  Indianapolis  Southern  Railway 
i)otween  Indianapolis.  Indiana,  and  Efflnfiham,  Illinois,  presented  an  un- 
usual opportunity  for  the  study  of  the  so-called  Huron  group,  west  of  Bloom- 
ington,  Indiana,  in  western  Monroe  and  eastern  Greene  counties.  The 
Huron  group  is  the  youngest  formation  of  the  Mississipplan  of  Indiana. 
The  name  Huron  was  first  a])>i>lied  hy  Dr.  Ashley  in  his  paper  on  the 
Lower  Carboniferous  Area  of  Southern  Indiana.^ 

The  type  locality  is  at  Humn,  Lawrence  County,  a  station  on  the  B.  & 
().  S.-\V.  Railway.  According  to  his  definition,  the  boundaries  of  the  Huron 
group  are  flxe<I  at  the  base  of  the  lowest  sandstone  in  the  group  and  the 
unconformity  at  the  top  which  marks  the  division  between  the  Mlssissip- 
pian  and  Pcnnsylvanian.  The  discussi<.n  of  his  reasons  for  so  drawing 
the  limits  at  tli^se  points  may  be  found  in  his  report  and  will  not  be  re- 
prated  here.  However,  as  the  name  Huron  Is  preoccupied*,  it  must  be 
replaced  by  another,  and  it  is  hero  proposed  to  substitute  the  name  Chester, 
as  the  group  can  be  correlated  with  the  upper  Mississipplan  of  Illinois 
or  Kentucky. 

Rlatchley  gives  a  c(»nci.ve  summary  of  the  formation.*  He  says,  *'In 
Orange  County,  where  the  Huron  group  te  i)erhaps  the  most  typically  ex- 
IM)sed,  it  is  represented  by  a  lower  limestone,  a  lower  sandstone,  a  middle 
limestone,  an  upi)er  sandstone  and  an  upper  limestone 

The  lower  Huron  limestone  is  a  compact,  smooth-grained,  ash-gray  to 
blue  limestone,  which  varies  from  five  to  eight  feet  in  thickness.  In  struc- 
ture it  is  a  close-grained,  fine-textured,  non-cry.stalline  stone,  breaking  with 
a  sub-conchoidal  fracture 


'  Ashley,  G.  II.,  Dopt.  of  Gool.  and  Nat.  Ros.  of  Ind..  l!K)2. 

*  In  the  Ropt.  of  Progress  In  18C0.  (icol.  Snrvoy  of  Ohio.  Part  I,  p.  IS.  Dr.  S. 
W,  Newberry  propo.sod  the  name  Huron  for  a  .shale  formation  of  th«»  Devonian  of 
Ohio. 

"Blatchley,  W.  S.,  Thirtieth  Ann.  Rcpt.  Ind.  Dept.  Geol.  and  Nat.  Res.,  pp.  144- 
145. 
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The  middle  Hunm  liinostoiu'  Is  ususi".v  a  i!ose-toxtiired,  soiui -crystal- 
line, gray  fossiliferons  limestone  which  varies  in  thieknoss  from  5  to  30 
feet,  uverajjing  about  10  feet 

The  ui)i)er  limestone  averajres  about  15  feet  in  thiekn^'ss,  is  more  nearly 
crystalline  in  structure,  varies  from  dark  to  lij:ht  gray  In  color,  and  con- 
tains many  crinoid  stems  and  bryozoa.  It  takes  a  fine  iK)lish  and  resembles 
marble  when  so  treated,  but  <loes  not  hold  Its  polish  when  exposed  to  the 
atmosphere. 

The  ;reneral  section  in  the  area  under  discussion  is: 

lo     Shnlr*  and  sandstone  of  rcnnsylvaninn  a-^r.  which  Is  iinron- 
formablc  on  the  be<ls  below.     Huron   (Chester)   Group. 

Upper  J)     LIm<*stone     and     shale,      calcareous.      ;;radinf;      from 

limestone.  br-'eelnlrtl    limestone    at    bollom    lo    shale    at    top: 

liniest(»n>'    composed    largely    of    bryozoa    with    few 
foi-amlnlfera  :  locally  known  as  marble *2r* 

Upper                          S     J^'andslone,  a  heavy  bed  of  forru3;;fnous,  nHldish.  brown, 
sandstone.  or  white,  hard  or  soft,  laminated 40 

MIddb'                          7     Limostono,     crystalline,    generally    Iltjht    colored,    oc- 
iMr.ewfonr.  enslonally    ooHtl?,    foraminiferal G-21 

Middle                          •'»     Sbab*.    arglll.i''eous    or    arenaceous,    weathers    red    in 
sandstone.  phiecs    20-LT» 

r»     Sandstone,  similar  to  upper,  except  much  more  cross- 
bedded    25 

4     Shale,    dark,    bituminous 0-12 

Lower  :*.- Limestone,  Ihin  b-dded,  oiiHtic   or  lithographic 2-5 

limestone. 

Lower  2  -Shale,    arenaceous    or    sandstime 1-12 

sandstone.  Mllchell  limestone. 

1       Limestone,  white,  finely  oiilitlc. 
SUMMARY   OF   PRKVIOIS    WORK. 

(V»x.  in  a  report  <m  the  geology  of  (Jre^Mie  County*,  saj-s: 
**Sub-Carbonferous  Limestone. — At  the  mouth  of  Fish  Creek,  in  the 
northern  part  of  the  county,  limestone  belonging  to  the  Chester  group  of 
the  sub-carhonlferous  formation,  outcrops  in  the  bluff  bank  of  the  creek, 
and  Is  expose<l  to  the  depth  of  15  to  20  ftH»t,  and  Is  at  this  place  overlaid  by 
drift,  but  at  a  short  distance  to  the  southwest  it  la  Increased  by  the  addi- 

*l8t  Ann.  Kept.  Geol.  Survey  Ind.,  1860,  p.  ST. 
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tion  of  2  to  5  f(»et  of  shale,  with  an  irregular  thin  bedded  seam  of  Coal  A 
and  the  Millstone  Grit.  Some  of  the  layers  contain  a  few  fossils.  The 
following  comprise  all  that  eonld  he  recognized:  Orthls  umbraeulum, 
Archimides  worthenl,  Athyris  subtilita,  Pentremites  obessus,  P.  pyriformis, 
Spirifer  inerassatus,  Productus  earbonarlus,  P.  eora,  and  an  abundance  of 
encrlnlte  stems.  It  belongs  to  the  upi)er  member  of  the  sub-carboniferous 
limestone,  and  is  designated  by  Prof.  A.  H.  Worthen  in  the  Geological 
Report  of  Illinois  as  the  Chester  Group. 

"The  greatest  development  of  this  limestone  seen  in  Greene  County,  is 
<m  Beech  Creek,  a  branch  of  Richland  Creek,  on  section  12,  township  7, 
range  4,  where  it  forms  a  great  mural  precipice,  capped  with  sandstone  of 
the  Millstone  Grit  series.  The  following  section  was  obtained  at  this 
locality : 

**Rrownlsh-gray  sandstone,   in   thick  beds  which  has  the  ap- 
pearance of  being  most  excellent  building  stone 25  feet  0  in. 

Shale,  which  thickens  up  to  many  feet  and  in  places  contains 

Coal  A  1  In. 

Buff  colored  limestone  In  which  I  saw  Pentremites  obessus, 

P.  pyriformis,  and  Archimides  wortheni 20  feet 

(iray  sillcious  shale,  partly  covered 25 -feet 

Bluish  limestone  (in  which  I  saw  no  fossils,  with  intercala- 
tions of  sandstone,  mostly  covered  by  talus 50  feet 

Total   120  feet  1  in. 

"At  tlie  junction  of  the  sandstone  and  limestone  at  this  locality,  there 
gushes  forth  a  mammoth  spring  of  good  cool  water 

"The  sub-carboniferous  limestone  makes  its  appearance  at  the  base  of 
the  hills  along  this  creek  for  a  distance  of  several  miles,  and  is  overlaid 
by  a  few  feet  of  shales  and  the  massive  sandstone  at  the  base  of  the  Mill- 
stone Grit.  It  also  makes  its  appearance  at  the  ore  banks  on  Ore  Branch 
of  Richland  Creek  in  section  28,  township  7,  range  4,  and  on  the  eastern 
border  of  the  county  line  near  the  Virginia  blast  furnace  along  Richland 
Creek." 

Professor  Cox  has  pr*)l)ably  mistaken  the  heavy  sandstone  above  the 
middle  limestone  for  tlio  Millstone  Grit  (Mansfield  sandstone),  and  has  con- 
fused the  limestones. 
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Ashley,  in  the  coal  report  on  Greone  Coiinty\  says: 

"Lower  Carboniferous. — The  Ivaskaskia  is  well  rei)resented  in  this 
county  by  limestone  and  sandstone,  with  some  shales. 

**The  uppermost  limestone,  which  is  not  very  persistent  here,  usually 
Is  found  but  a  few  feet  below  Coal  I  or  the  equivalent  horizon.  This  lime- 
stone, while  often  absent,  attains  a  thlcl«ness  of  20  feet  in  places.  Then 
comes  a  variable  thickness  of  sandstones  and  shales,  and  below  that  still 
heavier  beds  of  limestone.  The  lower  limit  of  the  Kaskaskia  is  somewhat 
in  doubt,  as  by  some  it  is  drawn  at  the  top  of  this  lower  limestone,  by  others 
part  way  down  It.  The  lower  part  of  this  limestone  is  probably  of  St. 
Louis  age,  and  extends  down  into  the  Mitchell  limestone." 

Paragraph  1258".  Section  at  William  Sexton's  si)rinK,  S.  W.  of  S.  E.  of 
Sec.  IC-G-a.     (C.  E.  S.) 

1.  Massive  bufif  sandstom*  ( Mjinsfield) 20 

2.  Heavy  limestone  (lower  carb.) 14 

o.    Bluish  gray  shale « 

In  the  report  on  the  road  materials  of  Gieeiie  County,  Blatchley  says :• 
•'Huron  Limestone — The  rocks  of  the  Huron  icroup  lie  close  to  the  surface 
over  the  greater  part  of  Greene  County,  east  of  White  River.  On  the  high- 
est ridges  and  hills  they  are  capijed  with  the  Mansfield  sandstone.  For  the 
most  part  the  exposed  Huron  rocks  are  also  sandstone,  but  several  localities 
there  are  outcrops  of  hard  bluish  Huron  limestone,  which  appear  well 
adapted  for  road  imiirovement. 

"The  principal  one  of  these  exposures  visited  was  on  the  land  of 
George  Cox,  southwest  quarter  of  the  northwest  quarter  of  section  3  (7  N., 
4  W.).  At  this  point  the  Indianapolis  Southern  Railway  Company  was  con- 
structing a  viaduct  2,215  feet  in  length  and  147  feet  in  height  across  Rich- 
land Creek,  and  a  quarry  had  been  opened  to  secure  crushed  rock  for  the 
concrete  work  in  connection  therewith.  In  this  quarry  the  blue  limestone 
was  exposed  in  fourteen  layers,  each  four  to  thirty  inches  in  thickness,  and 
aggregating  seventeen  feet  This  limestone  was  both  overlain  and  under- 
lain with  a  Huron  sandstone,  the  overlying  portion  being  three  to  seven 

•Ashley,  G.  H.,  23d  Ann.  Rept.  Ind.  Dept.  Geol.  and  Nat.  Res.,  1898,  p.  770, 
par.  1250. 

•Op.  cit.  page  772. 

•  Blatchloy,  W.  S.,  noth  .\nn.  Rept.  Ind.  D(-pt.  Gool.  and  Nat.  Res.,  1905. 
p.  894. 
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feet  in  thickness,  wliich,  with  a  foot  of  soil,  had  to  be  stripped.  The  lime- 
stone appeared  to  be  very  hard  and  semi-CTystalline  in  structure.    .    .    . 

"Another  exposure  visited  was  on  the  land  of  George  Shipman,  north- 
east quarter  section  15  (7  N.,  4  W.),  where  a  quarry  has  been  worked  for 
macadam  road  material.  At  this  point  the  blue  Huron  limestone  was  ex- 
posed to  a  thickness  of  fifteen  to  seventeen  feet,  with  four  to  seven  feet  of 
buff  Huron  sandstone  overlying.  Sufficient  material  to  cover  six  miles  of 
road  had  been  secured  at  this  quarry,  the  supply  in  sight  being  practically 
inexhaustible. 

"The  same  stone  outcrops  at  many  points  along  Beech  Creek,  and  espe- 
cially in  section  12  (7  N.,  4  W.),  where  it  forms  part  of  a  great  precipice 
or  perpendicular  bluff,  120  or  more  feet  In  height,  the  upper  portion  of 
which  is  a  massive  bed  of  Mansfield  sandstone." 

This  latter  is  evidently  the  sapie  exiwsure  as  that  measured  by  Cox. 

Shannon,  in  the  report  on  the  iron  ores  of  Greene  County',  cites  several 
instances  of  the  replacement  of  limestone  by  iron  as  in  section  6  below,  but 
does  ot  discuss  the  stratigraphy^. 

From  the  foregoing  ff  will  be  seen  that  very  little  work  has  been  done 
on  the  stratigraphy  or  paleontology  of  the  Chester  In  this  area. 

SECTIONS. 

The  following  sections  were  obtained  along  the  right  of  way  of  the 
Indianapolis  Southern  Railway,  with  the  exception  of  Number  IX,  which 
was  taken  at  the  locality  mentioned  by  Cox  and  Blatchley  on  Beech  Creek, 
being  about  three-fourths  of  a  mile  south  of  VIII.  The  sections  are  shown 
on  the  profile. 

I.    6— Shale,  sandy,  and  soil 15 

4 — Sandstone,  soft,  reddisli 22 

3 — Shale,  argillaceous,  sandy  in  places  and  grading 

into  sandstone  at  bottom 12 

2 — Limestone,  upper  2  in.  oolitic  and  very  fossil  if  erous, 
lower  part  with  very  few  fossils  beside  forami- 

nifera   2 

1 — Shale,  argillaceous,  to  track 10-12 

II.    7 — Sandstone,  soft,  ferruginous,  cross-bedded 20 

6 — Limestone,  hard,  fossllif erous,  oolitic  In  places 6 

'  Shannoa,  C.  W.,  31st  Ann.  Rept.  Ind.  Dept.  Qeol.  and  Nat  Res.,  1906,  p.  373. 
[18—26988] 
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5 — Talus  3 

4 — Covered  slope 30 

3 — Sandstone 17 

2 — Covered  slope   27 

1 — Mitchell  limestone  (exposeil ) Sir 

III.  4 — Sandstone  in  cut 10 

3 — Covered  sloi)e  to  track  10  ±: 

'2 — Limestone  with  sprlnj;  at  base 10 

1 — Covered  slope  to  creek. 

IV.  4 — Sandstone  and  shale,  with  tliin  coal  and  iron-ore 

(Pennsylvanian). 

3— Covered rj-15 

2 — Limestone,  exposed   4 

l--Covered 4 

V.     4 — Covered  to  le\'<»l  of  track. 

3— Sandstone 40 

2 — Covered  slope 20 

1 — Limestone,  sprinj;  at  base — exposed 7 

VI.     3 — Clay,  shale  and  sandstone 24            6 

2 — Iron-ore  (replaced  silicious  limestone) C 

1— Coal 6 

VII.     4 — Sliale  and  sandstone,  latter  predominatinj: 2 

3 — Sandstone,  rather  calcareous  1            6 

2 — Shale,  argillaceous  or  calcar(H)us 12 

1 — Sandstone 0-5 

MIL  17— Soil   4-5 

IG— Sandstone,  thin-bedded 3-4 

Unconformity. 

in — Limestone,  ferruginous,  weathers  to  iron-ore 6 

14-  Shale  4 

13 — Limestone,  imi)ure  3 

12 — ("overed  slope. fragmentary  limestone  and  sandstone, 

but  mostly  shale 10 

11 — Limestone 1            6 

10— Shale   4 

9 — Limestone  like  No.  7 1 


n 
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8— Shalo.  olive   6 

7 — Limestone,  hard   4 

0— Shale,  olive   8 

5 — Liniestoiie,  four  layoi*s,  cross-lMHldcd,  hard  crystal- 
line, fossiliferous    3 

4 — Limestone,  cross-bedded  and  brocciated 2 

.'; — Shale  parting  with  a  limestone  Ions 0-10 

2 — Limestone,  hard,  fossil ilVrons.  brecciated,  so  called 

"marble"    3  9 

1 — Sandstone,   shaly 2  (» 

iX.     7 — Sandstone,  even  bedde<l  40  ^ 

(1— Limestone 20 

;"i — Sliak*,  samly  or  argill.,  weatliers  red  in  places .'JO  ^    - 

4 — Covered  2o 

3 — Limestone.  thln-l)edded  5 

2 — Sandstone,  thin  intercalation   2-0 

1-  -Limestone,  oolitic,  prob;il>ly  Mitchell 10 

X.     n — Covered  slope  to  track,  sandstiiu*  In  lower  i!::rt  .iiul 

Iirobably  all  santlstone 4f> 

2 — Limestone    17 

1 —Covered  slojie  antl  sandstone  to  Kichland  Creek.  . .  .  U'^ 

nisrrssiox  of  stratiorapiiy. 

When  the  attempt  to  nnravel  the  strati;j:raphy  of  th-  jjin.ni)  vra's  beenn, 
some  trouble  was  encountered:  (1)  the  nnconforniity  which  limits  the 
proup  at  the  top;  (2)  the  def^iisit  of  jjiacial  <lrift  in  the  area  bordering 
Richland  Creek;  (3)  the  soluticm  of  the  nnderlyinj;  Mitchell  limestone  on 
the  eastern  border,  (kn-eloplnj?  larjcce  folds  and  tlie  collai>se  of  strata;  (4) 
solution  of  the  limestone  layers  in  the  Solsberry  formation;  and  (5)  the 
fact  that  the  Solsberry  sandstones  and  shales  have  a  tendency  to  be 
more  or  less  cross-bedde4l  and  lentic  ular,  as  would  be  expected  of  a  shore 
deposit.  These  factors  d<'tract  somewhat  from  the  correct  interpretation 
of  the  stratigraphy. 

Sections  in  the  underlying  Mitchell  limestone  in  the  region  studied 
show  that  In  most  cases  the  tdp  of  tlie  latter  formation  consists  of  a  very 
typical  white  oolite,  differing  materially  from  that  of  the  Chester.     Ash- 


le;*  noted  tbe  occurreui.'e  of  oOlltc  In  tb«  Mitdipit  limestone  In  manr 
places :  It  has  therefore  been  thougtrt  safe  to  consider  this  oolite,  In  the 
area  stiidled.  of  Mltcliell  age,  especially  ns  the  stratigraplilc  relations  seem 
to  confirm  this  view. 

At  1*,  the  Mttfhell  oSlitc  Is  nt  the  level  of  the  track  and  Is  overlain 
by  8.5  feet  of  snndstonc.     TV(«t  of  Iliis  the  Mitchell  llniextone  forma  the 


Pig.  1. 

surface  rock  so  that  sinkholes  iire  u  cuiis|i)ciiuus  feature,  but  sandstone 
fragments  are  found.  The  relations  of  the  striita  iiC  2  have  been  greatly 
disturbed  by  tbe  solution  of  tbe  underlying  Mitchell  limestone  bo  that  a 
synclinal  fold  has  been  developed.  Section  1  was  taken  at  this  point  in 
tbe  eastern  port  of  the  cut.  The  lower  limestone.  No.  2  of  the  section,  has 
been  dlssolvcil  to  sttch  an  extent  that  only  Isolated  blacks  mnatn  In  tbe 

•Aabler.  G.  H..  Carbon  I  riraud  Area  uf  Southern   Indiana.  2Tth  Ann.   Rep.   Ind. 
Dcpt.  Geol.  and  Nat.  Itos.  1002,  p.  82. 

•  Nnmbera  reftr  to  cula  on  accoropan.vlng  proQIe  section. 
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eastern  part  ot  the  cut,  wblle  It  hns  entirely  disnppeRred  from  the  western 
end  It  Is  likely  that  tlie  layer  Ih  thicker  than  two  feet,  os  other  expoaurea 
seem  to  show.  The  area  between  cuts  2  and  3  Is  a  large  compound  sink. 
On  the  north  side  of  the  irnch,  the  MItcliell  is  found  about  thirty  feet  below, 
with  ten  feet  of  hard,  light-colored  sandstone  overlying.  Oa  the  south 
side,  fifteen  feet  below  the  track,  three  feet  of  the  lower  limestone  out- 


FlR,  2, 

crop.  Shale  occurs  below  It,  but  utcist  of  tiic  section  is  covered.  In  cut  3 
the  following  section  was  obtained : 

4— Soli   6      ft. 

3 — Sandstone,  ripple-marked  and  cross-bedded 31.5  ft 

2— Shale,  blue,  soft,  clayey 8-11      ft. 

1 — Limestone,  lower.  In  ditch. 

In  the  eastern  part  of  this  nit  the  .^uliitlun  of  the  underlying  Mitchell 
has  again  caused  a  synclinal  folding  of  the  beds.  The  shale  No.  6  (of 
gen.  sec.)  first  occurs  in  the  top  of  the  next  cut  4  and  continues  in  B,  6.  7 
and  8.    It  Is  a  sandstone  or  arenaceous  shale  at  the  bottom,  becoming  more 
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Bhnix  ill  the  middle  inxl  fiiiiiDy  a  t'liiy  simlv  iit  tlii.'  top.  In  cut  8.  Prom 
(be  ejipusiiri's  In  <-iitK  4  and  5  It  iipireni's  tlitit  n  sliKlit  local  uncontorutltr 
iiijiy  exist  licldw  tills  shale.  In  the  eimteru  piirt  of  S.  the  middle  limestane 
flrKt  npp<>>irR.  Section  II  shons  it  to  1k>  TT  fert  iiliuvc  the  Mitchell  as 
(•XIKKicd  In  llic  valley  lielow,  which  i-onfiirms  with  the  dip  and  thickness  of 
the  uiiilerlyiiig  bt-cls.  This  UuieNtone  iiMM-iirs  nt  nciirly  every  point  west 
of  cut  S,  where  Its  level  Is  renciieil  iind  its  lower  limit  Is  mnrked  hy  n  sprinc 


horlwHi.  Tlic  coiTcliUidii  is  haseil  on  strjillgrinihi<',  litlioloKic'  and  ptilcon- 
toloKi<^  eviilciice  Hnd  ou  tile  presence  of  springs  in  n  few  Instimces,  It 
thickens  pingi-esslvcly  to  the  west,  mid  on  the  enst  hluff  of  Itlchliind  Creek 
II  qiinrry  in  it  fiiriiishetl  rock  for  the  riilhvay  vliidnct.  The  cuts  8  to  21, 
iiicliislve,  iire  In  (In-  njiper  siindstune  with  the  <'xcc[jtion  of  IS  nnil  20, 
This  Biimlslone  foniis  one  of  Ihi-  proniiiieni  fe!iUin-<  of  tlio  topogrnphy.  It 
is  n  reilUlsh.  ferruginons,  liiinimitcd  sdine,  jipiR-jirliig  soft  In  the  cuts  but 
;n.'iierally  weathering  Into  u  hard  bhi  if -forming  stone  where  the  drainage 
liiia  cut  through  It.    At  places  shnle  iippeare  nt  the  level  of  this  s 
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Thotie  ptnceH  iiiiiy  iudh'iitc  lriiM«  In  the  Mitidstone  nr  Rhnle  of  the  overlying 
utirnnformnble  reiiiisylvaniuii  rocks. 

At  IS  the  <'ut  sbows  tbe  unconformity  and  n  uiiiaa  of  bog  Iroo  ore,  coal 
and  purpDsh-drab  shale,  renting  on  tbe  saudetone  only  a  few  feet  above  the 
upper  limestone.  In  cut  20  and  the  top  part  of  21.  Pciinsylvanian  shale 
rests  unconformably  on  the  upper  sandstone. 


Between  SoNicrry  iind  llie  vliulnct,  the  niilrtniil  evadu  Is  about  on  a 
level  witb  the  lop  of  the  iip|>er  sandstone  so  tliut  neju-iy  all  ttio  cuts  arc 
in  Pennsylvanlnu  rocks.  At  27,  section  VI  wns  obtained.  The  iron  ore 
(replaced  limestone)  of  this  section  appeni's  to  be  correlative  with  the  upper 
limestone  from  strntlgrnphlc  and  fniuuil  evidence,  which,  however,  Is  rather 
meagre.  Coal  oi-curs  beneath  it,  ivhile  the  sandstone  atwve  Is  probably  of 
Pennsy Iranian  age. 

Owing  (o  tbe  fnci  that  It  Is  replaced,  only  cjiRta  of  shi'lls  remain,  and 
In  many  eases  these  arc  unldcntiflnhle.  In  view  of  this  the  <'orrelatlon  with 
the  upper  llineslone  must  be  tentative. 


280 

Section  VII  WHS  obtnined  in  tlie  finBtern  part  of  cut  33,  known  an  the 
"Head  Cut."  Tbe  western  pnrt  of  tlie  cut  is  rennsytvuDlon,  an  uncon- 
formity occurring  about  belf  way  through  the  cut  and  above  the  upper  lime- 
Rtone,  so  that  ttie  limefltone  may  have  been  thicker  than  now  exposed.  Ttals 
i  is  undoubtedly  to  be  correlated  with  tbat  In  cut  35  (see  section 
II  st  rat  [graphic  and  ilthotogic  relations  as  well  as  faunal  evidence. 


Tig.  S. 

The  lower  layers  of  the  limestone  In  section  VIII  ure  breccluted  and  the 
limestones  in  bolb  sections  Vll  and  VIII  contain  frngmenta  of  a  sandstone 
similar  to  the  underlylDK  upper  sandstone,  while  many  species  appear  for 
the  first  time.  Tbe  Intervening  cut.  34,  contains  sandstone,  probably  of 
Pennsylvanian  age,  and  obscures  tbe  relations  of  cuts  33  and  35. 

Prom  tbe  foregoing  it  will  be  seen  tbat  there  Is  an  apparent  uncon- 
formity between  the  upper  sandstone  and  limestone,  wblcb  may  account 
far  the  peculiarities  of  section  VI. 

The  stratigraphic  relation  of  the  middle  and  upper  sandstones  and 
the  middle  limestones  arc  easily  determined,  but  there  Is  some  doubt  as 
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to  the  lower  limestone  and  lower  snndstone  owlnp  to  llic  absence  of  ei- 
posureB  to  the  west.  Section  IX  shows  at  the  bodoin  of  the  slope,  15 
feet  of  tlmeetonee.  the  upper  5  feet  of  ivhlch  ts  lliin  bedded  and  cootalns 
fossils  similar  to  the  tower  limestone  In  section  I.  except  that  the  bryozoa 
are  mote  conspicuous  In  the  latter.  The  lower  ten  feet  have  a  striking 
resemhlance  to  the  Mitchell  limestone  (odllte)  both  In  appearance  and 
fossil  content,  while  between  the  two  there  Is  a  thin  Intercalation  of  sand- 
stone which  is  poBBibl7  the  lower  sandstone,  Tiw  level  of  the  rocks  corrfc- 
spoDds  to  the  dip  and  thicknei^ft  of  the  formation,  but  it  is  possible  that  the 
whole  thii-knesfi  belongs  toolther  the  Solsherry  f>r  Mifc-hell. 


Tlie  faiiiin  of  the  Ihiieatoiics  Is  rallier  large  and  well  iireserveO,  that  of 
the  siimistones  oml  sluile  very  iiiciisre.    Tbe  faunal  lists  follow"; 


jtccfr'o 


/xJiter  limestone 
Emiotliyra  biillcyl  IIi 
Znpbrentis  sii. 
Ecbinocriiius  sp. 
Crliioidea  4  mi>. 
Batostouictlii  abrii|ila 
Fciiestella  sp. 
Dlelasnia  «o- 
PriMliietiiM  htirllii;:toii( 


Splrifer  Bp. 

Mnrtinla  coiiti-ncta  M.  &  W. 

Mlcrotlon  subelllpticu  Hall. 

I'elocypoU  sp. 

Pleurotoiiiarla  subglobosa  llali. 

ijti-apnrollns  sp. 

SIrophoatylus  carlej-nna?  (Hall) 

Keyes. 
IjOTOQcma  yaiidellnDa  Hall. 
<<  1  nos|itrn  ntteuunta  (Unll) 
rich. 

kumij  cnnwnled  lo  emmlne  tb.- 
railicr  abundnnt.  ,\t  tblB  time, 
mportaat  part  at  tbe  fauna  muat 
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Cycioinema  leavomvorthana  Hall. 
Buliiuorpha  buliformis  Hall. 
Microohelius  8tinesvill<»nsls?  Cuui- 

ings. 
Bellerophou  subljevis  Hall. 
Orthonychia   aciitiroFtre    (Hall) 

Keyos. 
Leperdita  oarbonaria  Hall. 
Grlffithides  bufo?  M.  &  W. 

Mitchell  ?  limestone  in  section  IX. 

IleinitrypJi  'i^i  sp. 

Polypora  sp. 

Martinia  contratta  M.  &  W. 

Prodnctiis  biirliiiKloHeiisis  Hall. 

var. 
Dielasnia  turgida  Hall. 
Spirifer  leldyi  X.  &  P. 
Derbya  sp. 

Bellerophou  subht^vis  Hall. 
Orthonychia  acutirostre  (Hall) 

Keyes. 
(Irimrhidos  biifo  M.  &  W. 

Loiccr  UhU'slonc  in  section  IX. 
Zaphreulls  sp. 
Crlnoidoa  sp. 

Streblotrypa  nicklesi  ririch 
Cystodictya  ocellata?  I'lrich. 
Intrapora  iindulata  (riricli). 
Stenopora  tuberculata  var.  p-dy- 

morpha  Prout. 
Fenestella  tenax?  Ulrich. 
Fenestella  sp.  (reverse). 
Batostomella  abnipta  Ulrich. 
Rhombopora  of.  nicklesi  Ulrich. 
Rhombo[)ora  sp. 
Archimedes  communis?  Ulrich. 


Bryozoa  si). 

Martinia  contracia  M.  &  W. 
Spirifer  leidyl  N.  &  P. 
Spiriferlna  sp. 
Productus  sp. 
Straparollus  sp. 

} fiddle  limestone  in  section  II. 

Endothyni  balleyi  Hall. 

Zaphrentis  sp. 

PentPemites  pyrimidatus  Ulrich. 

Kchinocrinus  norwoodi  Hall 
(spines). 

Crinoidea  2  sp.  (stems  and  calyx 

Lioclema?  araneum  Ulrich. 

Uhombopora  bedfordensis  Cum- 
ings. 

Uhombopora  sp. 

Fenestella  serratula  Ulrich.    - 

Fenestella  compressa  Ulrich. 

Fenestella  sp. 

Ilemitrypa  proutana  Ulrkh. 

Fislulipora  spergent'nsis  ?  Ko- 
mi nger. 

Archimedes  laxus?   (Hall). 

Pol^-pora  sp. 

Dielasma  turgida  Hall. 

Dielasnia  formosa  Hall. 

Martinia  oontracta  M.  &  W. 

Seminula  trinuclea  Hall. 

Spirifer  leidyl  N.  &  P. 

Derbya  keokuk  Hall. 

Productus  burllngtonensls  Hall, 
var. 

Productus  parvus?  M.  &  W. 

Productus  cora?  D'Orblgny. 

Gyprlcardlnla  indlanensls  Hall. 

Microdon  subelllptlca  Hall. 
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Nucula  shumardana  Hall. 
Productus  costrlensis  Wurtheu. 
Conocardlum  nieekanum  Hall. 
Myallna?  sp. 
Pelecypod  sp. 

Pleurotomaria?  wortheni  Hall. 
Pleiirotomaria  ?  subgolbosa  Hall. 
Loxenema  yandellana  Hall. 
Straparollus  slmilis  M.  &  W. 
Straparollus  sperjsensis   (Hall). 
Straparollus  sp. 
Stropostylus  carleyana  Hall. 
Cyclonema  subangulata  Hall. 
Cyclouema  leavenworthana    Hall. 
Solonospira  tnrritella  (Hall)   ri- 

rich. 
Solenosplra  vermicula  ,(Hall)  Ul- 

rich. 
Solenospira  sp. 
Bulimorpha  oaniculata  Hall. 
Bulimorpha?  sp. 
Ilolopea  proutana  Hall. 
Bellerophon  subloevis  Hall. 
Orthonyohia  aciitrlrostro  (Hall) 

Keyes. 
Halrdia  costrlensis  I'lrlth. 
Cytherella  ovatifornils  Ulrlch. 
GrimtbldPS  bufo  M.  &  W. 
Fi.sh  3  .sp.  (teeth). 

Middle  limestone  in  section  III. 
Fenestolla  serratula  I'lrich. 
Fenestella  c.  f.  multisplnosa  Ul- 

rich. 
Anlsatrypa  sollda  Ulrich. 
Archimedes  sp. 
Martinia  contracta  M.  &  W. 
Dielasma  formosa  Hall. 


Productus  parvus  ?  M.  &  W. 
Productus  cefitriensis?  Worthen. 
Productus  cora?  D'Orbigny. 
Spirifer  leidyi  N.  &  P. 
Griffithides  bufo  M.  &  W. 
^  fid  die  limcstmie  in  section  IV. 
Endothyra  balleyi  Hall. 
Martinia  contracta  M.  &  W. 
Bellerophon  sublaevis  Hall. 

Middle  limestone  in  section  F. 
Fenestella  sp. 

Martinia  contracta  M.  &  W. 
Productus  cestriensis?  Wortlun 
Bellerophon  subhevis  Hall. 

Middle  limestone  in  section  X. 
Pentreniltes  pyriniidatus  I'lri*  h. 
Crinoldea  sp. 
Archimedes  sp. 

Productus  cestriensis  Worthen. 
l*rodrictus  sp. 
Spirifer  leidyi  N.  &  P. 
Martinia  contracta  M.  &  W. 

Upper  f  limestone  in  section  VI. 
Zaphrentis  pplnulosa?  M-E.  &  H. 
Crinidea  3  sp.  (segments). 
Pentreniltes  sp.  (one  poral  plate). 
Stenopora  sp. 

Fenestella  cestriensis  Ulrlch. 
Fenestella  2  sp. 

Coeloconus  rhomb!  cus?  U I  rich. 
Poljpora  spinulifera  Ulrich. 
Arcliimedes  sp. 
Spirifer  leidyi  N.  &  P. 
Derbya  kaskaskiensis?  Hall. 
Dielasma  turgida  Hall. 
Spiriferina  spinosa  X.  &  P. 
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Eunietiia  inarcoyi  Shmuard. 
rrodiictu?;  parvus?  M.  &  W. 
ProdiK'tus  cestrieiisis?    Wort  hen. 
Productus  cora?  D'Orbignj*. 
Orbiculoidea  sp.  (cast). 
Uracil iopod  sp.  (cast). 
Pleiirotomaria  sp.  near  tabulata 

( 'onrad. 
Pleurotomaria  si>.   (cast). 
Straimrolhis  sp.   (cast). 
Hollorophon  snbla»vis  Hall. 
Ortbonychia  chcstercnse  V 

M.  &  W. 
(JastroiKKl  sp.   (cast). 
Buliniorpba  sp.  (cast). 
Pleuropborus  miuiruns  Wortben. 
Plenrophorus  sp. 
Microdon  sp. 

Nucnla  parva  McCbesney. 
Modiala  illinoisensis  Wortben. 
Schizodus  ?  sp. 
Aviculopecten  sp. 
Pelecypoda  5  sp.  (casts). 
Priniitia  snbtpqnata  Ulrlcb. 
Psamniodns  si>.  (cast  of  tooth). 
Cladodus  spindsus  ?  M.  &  W. 

(cast  of  tooth). 

f'ppcr  limestone  in  sceiion  VII. 

Peutremites  godoni  DeFrancc. 

Pentremites  florealis  Scblotheim. 

Pent  rem  ites  pyriformis  Say. 

Ptorotocrinns  depressus  Lyon  and 
Casslday  (wing  plates). 

Acrocrinus  shumardi  Yandell. 

Ilydreionocrlnus  arniiger  M.  &  W. 

Crinoidea  0  sp.  (plates  and  seg- 
ments). 


Kcbinocrlnus  sp. 
rhamniscns  furcillatus  Ulrich. 
FistuliiMjra  excelens?  Ulrich. 
StenoiK)ra  tuberculata  Front. 
Stenoijora  rndls  Ulrich. 
IJodema  araneum  Ulrich. 
(Vieloconns  rliombicus  Ulrich. 
Fenestella  flexuosa  Ulrich. 
Fenestella  tenax  Ulrich. 
I'Vnestella  cestriensis   T'lridi. 
i'Vnestclla  mnltisi)inosa?  Ulrich. 
Fenestella  elevatopora?  Ulrich. 
I'Vnestella  2  sp. 
I'olyi)ora  ci^striensis  Ulrich. 
Scptopora  sulKpiadrans  Ulrich. 
Streblotrypa  uickelsi  Ulrich. 
Hatostomella  spinulosa  Ulrich. 
Ubomboi>ora  minor  Ulrich. 
libombopora  tenulrama  Ulrich. 
Ubombopora  si>.  near  tabnlata 

F'lrich. 
Archimedes  meekanus?    Hall. 
Ptilipora  pauper!  ?  Ulrich. 
Seminula  trinuclea  Hall. 
Eumetria  marceyl  Shumard. 
Cleiothyris  sublamellosa?  Hall. 
Spirlferina  spiuosa  N.  &  P. 
Sijirifer  leldyi  N.  &  P. 
Producjus  parvus  M.  &  W. 
Dielasma  turgida  Hall. 
Reticularia  setigera  Hall. 
Trilobite  sp. 

I'pper  limestone  in  section  VIII. 
Zaphrentis  spinulosa  M-E.  &  H. 
Pterotocrinus  depressus  Lyon  and 

Cassed'ay. 
Hydreionocrinus  armlger  M.  &  W, 
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Crinoidea  sp.  (segments). 

Pentremites  sp. 

Rhombopora  sp.  uear  tabula ta 

Ulrlch. 
Rhombopora  sp. 
Stenopora  sp. 

Fenestella  cestriensis?  Ulrich. 
Fenestella  flexuosa  Ulrich. 
Fenestella  sp. 

Polypora  spinulifera  TJlrloh. 
Polypora  cestriensis  Ulrich. 
Lioclema  araneum  T'lrich. 
Streblotrypa  nlcklesi  Ulrich. 
Fistulipora  excelens?  Tlrich. 
Archimedes  distans  T'lrich. 
Archimedes  sp. 


Dielasma  sp. 

Prodiictus  sp. 

Spirlferina  transversa    McChes- 

ney. 
Spiriferina  splnosa  N.  &  P. 
Spirifer  leidyi  N.  &  P. 
Eumetria  marceyi  Shumard. 
Brachioi)od  sp. 
Aviculopectcn  c.  f.  monroensis 

Wort  hen. 
Orthonychia  chesterense  M.  &  W. 
Spirorbis  c.  f.  imbricatus  Ulrich. 
Oriffithides      grannlatiis      Weth- 

erby. 
Cladodus  sp.  (base  of  tooth). 
Fish  sp.  (spine). 


Disrunision  of  fauna.  From  the  foregoing  lists,  it  will  be  seen  that 
(he  fauna  of  the  lower  and  middle  limestones  Iiave  many  of  the  elements 
of  the  Salem  fauna.  This  is  particularly  true  at  the  eastern  extensions 
of  these  be<ls  where,  in  all  i>robability,  the  shallow,  ingoonal  conditions 
favorable  to  this  fauna,  prevailed. 

The  lower  limestone  in  soi'tion  I  has  only  two  species  which  do 
not  occur  in  the  Salem  limestone.  These  are  Martlnia  contracta  and 
Batostomclla  ahruptal  The  latter  was  not  found  in  the  middle  limestone. 
The  western  extension  of  the  lower  limestone  retains  a  few  of  the  Salem 
species  but  indicates  a  condition  of  deposition  farther  from  the  shore-line. 
To  the  west  it  also  contains  HatoafOHirUa  ahrupta.  In  the  collertions  from 
the  lower  layer,  foraminifera  are  \ery  scarce. 

Collections  from  the  middle  limestone  show  that  many  Salem  species 
continued  to  exist,  but  Martin ia  contracta  is  the  most  noticeable  spe<*ies. 
and  Pentremites  becomes  a  i)rominent  member  of  the  fauna.  Thin  sections 
from  this  horizon  show  under  the  microscope  a  great  number  of  forms  of 
foraminifera,  and  will  undoubtedly  yield  many  species,  an  element  which 
will  distinguish  this  limestone  wherever  found. 

The  faunal  cimrattcr  of  the  upper  limtn^tone  is  entirely  distinct  from 
that  of  the  two  lower  layers.  It  is  of  late  Chesler  age  and  shows  no  dis- 
t}pct  3a  lew  fofms. 
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If  the  limestone  In  section  VI  is  to  be  correlated  with  the  upper  lime- 
stone, it  shows  what  Is  probably  a  littoral  phase  of  the  layer,  which  to  the 
west  shows  only  deep  water  conditions. 

CONCLUSIONS. 

To  briefly  summarize,  the  Chester  or  Huron  formation  of  western  Mon- 
roe and  eastern  Greene  counties  consists  of  three  limestones  with  sepa- 
rating sandstone  and  shale. 

I>r.  E.  O.  XJlrich,  of  the  United  States  (Jeological  Survey,  has  examined 
the  lists  of  fossils  given  herewith  and  expressed  the  opinion  that  they  rep- 
resented the  greater  part  of  the  Chester  of  Kentucky  and  southern  Illinois. 
As  the  stratigraphy  seems  to  confirm  this,  the  following  correlations  are 
made: 


S 

o 

« 

i 

o 


Upper  (third)  limeatone. 
Upper  sandstone. 

Middle  (second)  limestono. 

Middle  sandstone. 


Lower  (first)  limestone. 

Lower  sandstone. 

Ofilitic  upper  portion  of  Mitchell. 


Remainder  of  Mitchell. 


Birdsville  formation. 


Tribune  LimeRtwe. 


Cypress  sandstone. 


Ohara  limestone  member. 
Hosiclare  sandstone  member. 
Fredonia  oolitic  member. 


St.  Louis  limestone. 


} 


Sie.  Genevieve 
Formation. 


The  line  of  division  between  the  St.  Louis  and  the  oolitic  above  has  not 
been  located  in  Indiana,  but  the  latter  is  probably  at  least  30  feet  thick. 
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Determination  of  the  Ratio  of  Specific  Heats  of  Dry  Air. 


E.  K.  Chapman. 


The  following  method  for  deteruiining  the  ratio  of  specific  heats  was 
suggested  by  some  work  in  connection  with  an  experiment  in  a  fog  chamber. 
It  became  necessary  to  know  the  temperature  in  a  fog  chamber  on  sudden 
expansion  and  consequent  condensation  of  vapor.  In  order  to  measure  this 
temperature  a  thermo-couple  of  Cu  and  Fe  was  introduced,  and  the  deflec- 
tion of  a  galvanometer  connected  in  series  with  the  couple  was  noted  on 
the  expansion  of  tlie  saturated  vapor.  The  couple  was  then  graduated  by 
keeping  one  Junction  at  a  constant  temperature  and  noting  the  deflection 
of  the  galvanometer  for  a  given  change  in  temperature  of  the  other  junc- 
tion. Knowing,  then,  the  constant  of  the  apparatus,  the  temperature  in  the 
fog  chamber  was  easily  determined. 

The  attempt  was  then  made  to  use  this  method  for  finding  the  tem- 
perature in  a  chamber  of  air  on  sudden  expansion,  and  thus  determine  the 
ratio  of  the  specific  heats. 

To  the  stopper  of  a  glass  carboy  was  fitted  a  large  valve  that  could 
readily  be  opened  or  closed  by  hand.  One  junction  of  the  thermo-couple 
was  introduced  into  the  carboy  through  a  rubber  stopi>er  fitted  in  a  hole 
drilled  in  the  side.  The  inner  ends  of  the  bent  tube  carrying  the  couple 
were  then  separated  by  twisting  the  tubes  in  the  rubber  stopper.  The  other 
junction  was  encased  in  a  small  glass  bulb  just  outside  the  bottle  and  this 
kept  at  a  temperature  of  the  surrounding  medium.  Later  in  the  work 
the  entire  apparatus,  excepting  the  valve,  was  immersed  in  a  bath  which 
could  be  maintained  at  a  constant  temperature.  Dry  air  was  then  pumi)ed 
into  the  bottle  and  the  whole  was  allowed  to  stand  until  it  had  regained 
the  temperature  of  the  surroundings.  On  opening  the  valve  the  temperature 
falls,  due  to  the  adiabatic  expansion,  and  the  galvanometer  is  deflected 
because  of  the  difference  in  temperature  of  the  two  junctions  of  the  couple. 
From  this  deflection  it  was  hoped  that  the  lowest  temperature  in  the  cham- 
ber might  be  calculated.  A  groat  deal  of  difllculty  was  experienced  in  try- 
ing to  calibrate  the  crouple,  since  the  deflections  due  to  a  given  diflference 
in  temperature  varied  considerably,  and  the  degrees  of  accuracy  desired 

[1$)^26983:| 


290 


necessitated  a  more  consistent  calibration.    After  rei»eated  efforts  to  obtain 
a  constant  detiection  for  a  given  difference  in  temperature  tiie  method  was 
abandoned  as  not  being  sufficiently  accurate. 
Tlie  following  scheme  was  then  adopted  : 


■^ ^ 


A  battery  of  known  E.  M.  F.  was  connected  in  series  with  two  resist- 
ances, Rj,  which  was  a[)[)roxiniately  100,000  ohms,  and  in  later  experiments 
kept  constant,  and  Ri  was  varied  from  one  to  eight  ohms  to  suit  the  condi- 
tions of  the  particular  observation.  B  is  a  carboy  in  the  center  of  whicli 
one  Junction  of  the  couple  was  located.  A  is  a  second  junction  which  was 
kept  at  a  constant  temperature.  G  is  a  galvanometer  in  series  with  the 
couple  and  Ri.  The  air  in  B  was  compressed  as  before  and  allowed  to  cool 
to  the  temperature  of  the  bath.  Ki  was  then  closed,  then  the  valve  was 
opened  to  the  atmosphere  and  immediately  Kj  was  closed  and  the  direction 
of  the  deflection  of  the  galvanometer  noted.  This  process  was  repeated, 
varying  Ri  until  a  resistance  was  found  such  that  on  closing  Kj  there  was 
no  deflection  of  the  galvanometer,  until  the  air  began  to  warm  after  the 
adiabatic  expansion.  This  balanced  condition  meant  that  the  P.  D.  across 
Rj  just  balanced  that  due  to  the  difference  in  temi^erature  of  the  two  junc- 
tions of  the  thermo-couple. 

In  practice  it  was  found  better  to  set  Ri  at  a  given  place,  e.  g.,  5  ohms, 
and  then  vary  the  original  pressure  until  a  balance  was  obtained.  In  some 
of  the  earlier  observations  Rj  was  varied  to  secure  a  balance,  but  since  it 
was  not  known  to  a  sufficient  degree  of  accuracy,  the  other  method  was 
nsed.  It  then  remnined  to  calibrate  the  tIi*'rino-couple.  This  was  done  by 
placing  one  junction,  onca'^ed  in  a  jacket,  in  a  constant  temi)erature  bath, 
and  the  other,  similarly  encased,  in  a  l)ath  whose  tem|>erature  was  varied 
till  a  balance  against  a  given  resistance,  Ri,  was  obtained.  The  difference 
in  temperature  of  the  two  ji^inctions  was  then  noted,    ^i  \yas  a^ain  varieij 
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and  the  temperature  of  the  bath  changed  until  another  balance  was  found. 
In  this  way  a  number  of  balances  were  obtained  for  different  values  of  Ri. 
By  plotting  Ri  against  the  difference  in  temperature  of  the  two  junctions  a 
curve  was  obtained  which  gave  the  temi)erature  for  any  resistance.  The 
calibration  was  made  with  a  number  of  different  couples  and  the  results 
were  entirely  consistent,  no  point  being  off  the  straight  line  thus  found 
more  tlian  1-20  of  a  degree  centigrade. 

The  pressure  in  the  bottle  was  measured  by  means  of  an  oil  manom- 
eter; as  considerable  time  was  consumed  by  the  oil  coming  to  a  steady 
state,  it  was  deemed  desirable  to  place  a  stopcock  between  the  manometer 
and  the  bottle,  and  after  the  pressure  was  determined  cut  off  the  mano- 
meter before  expansion.  The  pressure  for  the  following  trial  was  ad- 
justed approximately  by  an  auxiliary  mercurial  manometer  and  the  final 
adjustment  was  made  with  oil.  The  use  of  the  oil  manometer  was  neces- 
sary, as  the  errors  Introduced  in  the  reading  of  the  mercurial  manometer 
were  of  a  higher  d^'gree  of  magnitude  than  was  permissible. 

The  delicacy  of  the  apparatus  was  indicated  by  the  fact  that  the 
observer  couhl  rondlly  detect  a  difference  in  pressure  of  2  mm.  of  oil, 
density  .84. 

The  value  of  y  was  determined  as  follows: — 

From  the  adiabatic  law,  P  Vy  =  a  constant 
From  the  law  of  Charles,  PV  =  RT 

or       PiVr/  =  P2V2; 


then 


/V2\/       Pi 

\Vi/  ""  P2 


but    PiVi  =  RTi 

and    P2V2  =  RTi 

V2       Pi    T2 

Vi  ~  P2    Ti 


/V2\/       /Pi    T2\;      Pi 
\Vi/   ~  \P2    Ti/   ~P2 


therefore  }  = 


Pi 

log  — 

P2 


Pi  Ti 

log log  — 

P2  T2 
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The  following  table  gives  the  results  of  the  experiment : 


Pa 

©1 

Ri 

Ri 

A 

B 

A— B 

Pi 

e^ 

>' 

74.14 

294.- 

2.2 

100100 

94.6 

25.- 

69.6 

78.44 

289.4 

1.38^ 

76.26 

294.05 

2.2 

100100 

95.9 

24.- 

71.9 

79.70 

289.35 

1.3910 

74.72 

294.2 

2.1 

109500 

89.5 

30.- 

69.5 

78.39 

290.34 

1.3803 

74.5 

293.9 

2.1 

103800 

89.7 

30.- 

59.7 

78.19 

289.81 

1.4802 

75.19 

293.95 

2.1 

103800 

90.9 

29.2 

61.7 

79.- 

289.71 

1.4160 

75.49 

293.1 

3.2 

100300 

146.- 

46.4 

98.6 

81.58 

286.6 

1.4042 

74.99 

293.7 

3.2 

100600 

145.- 

47.- 

98.- 

81.04 

287.47 

1.3872 

74.99 

293.5 

3.2 

100500 

144.7 

46.3 

98.4 

81.07 

287.1 

1.3945 

75.06 

293.6 

4.7 

101200 

169.- 

22.1 

146.9 

84.14 

284.3 

1.3927 

74.84 

294.1 

4.7 

100700 

170.- 

21.8 

148.2 

84.00 

284.51 

1.4027 

75.52 

293.8 

4.- 

100000 

158.1 

33.6 

124.5 

83.21 

286.2 

1.3704 

74.76 

<( 

5.- 

174.2 

18.2 

166.2 

84.41 

283.80 

1.3938 

74.76 

1 1 

4.- 

159.0 

33.5 

124.5 

82.46 

285.81 

1.3921 

74.76 

1 1 

3.- 

142.0 

60.- 

92.- 

80.44 

287.81 

1.3911 

74.71 

t  < 

6.- 

196.- 

7.- 

188.- 

86.33 

281.96 

1.3974 

74.71 

4   t 

6.- 

196.- 

7.- 

188.- 

86.33 

281.88 

1.4013 

74.57 

<  t 

5.- 

178.5 

29.3 

164.6 

84.12 

283.86 

1.4001 

74.57 

t  t 

4.- 

162.1 

40.3 

121.8 

82.09 

285.84 

1.3997 

74.57 

t  1 

3.- 

146.5 

67.3 

89.2 

80.08 

287.84 

1.4040 

74.57 

4  4 

2.- 

132.5 

73.7 

68.8 

78.20 

289.83 

1.4006 

74.44 

293.82 

1.- 

118.2 

88.8 

29.8 

76.25 

291.83 

1.3925 

Average 

Av.  for  last  10. 


1.3967 
1.3973 


Pj  Is  the  reading  of  the  barometer,  e,  is  the  original  temperature 
of  the  bath.  A  and  B  readings  of  the  oil  manometer.  P,  =P2  (A — B)  d,/d: 
where  di  =  density  of  oil  and  dj  =  density  of  mercury,  u  a  is  the  tempera- 
ture as  given  by  the  thermo-couple  required  to  secure  a  balance. 

}  =  ratio  of  specific  heats. 

DISCUSSION    OF   RESULTS. 

The  limits  of  precision  seem  to  be  the  precision  of  the  resistance,  the 
precision  of  the  temperature  reading  as  read  by  a  thermometer,  the  pre- 
cision of  the  temperature  readings  used  to  calibrate  the  couple,  the  con- 
sistency of  the  E.  M.  F.  of  the  battery  and  the  density  of  oil. 

The  precision  of  the  resistance  was  none  too  good.  The  last  ten  ob- 
servations were  made  with  the  best  box  available  and  Rj  kept  constant  so 
that  errors  due  to  Rj  were  obviated.  The  maximum  variation  of  the  mean 
of  these  observations  is  less  than  *  per  cent.,  and  shows  remarkable  con- 
stancy. 
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A  now  storajro  bntiefy  "dnro/*  iimde  by  the  Chicago  Battery  Co.,  was 
usihI  ami  showed  no  varhitions  in  E.  M.  F.  durin;^  tlie  entire  time. 

The  density  of  the  oil  was  determine<l  by  a  specific  gravity  bottle  and 
found  to  be  .8370. 

The  temperatures  were  read  on  a  standard  tlu^rmometer  graduated  to 
1-10  degree. 

As  to  the  question  of  the  accuracy  of  tlie  thermo-couple  in  registering 
the  instantanef)us  temperature  we  have  to  consider  the  couple  itself,  its 
behavior  Under  known  conditions,  and  the  results  obtained. 

The  couple  was  of  IVCu,  one  nn'Uimeter  in  diameter,  so  its  heat  ca- 
pacity was  very  small.  In  calibrating  it  a  deflection  was  regularly  noted 
when  the  change  of  temperature  of  the  bath  was  less  than  1-100  of  a 
degree.  It  w^as  found  that  for  small  changes  in  temperature  considerable 
time,  several  seconds,  elapsed  before  there  was  any  heating  due  to  radiation, 
etc.  This  was  due  largely  to  the  size  of  the  vessel.  Using  a  smaller  one 
tlie  time  required  to  warm  up  was  small. 

The  experiment  is  now  being  repeated  under  vastly  better  conditions. 
The  temperature  of  tlw*  bath  is  regulated  by  an  electric  thermostat,  the 
resistances,  barometer  and  thermometer,  have  been  checked  up  by  the 
Bureau  of  Standards  at  Washington  and  the  voltage  of  the  '*duro"  cell  tested 
immediately  before  and  after  each  observation,  by  means  of  a  potentiome- 
ter of  the  Leeds  Northrup  tyi>e  and  a  standard  Weston  cell.  Tlie  results 
from  the  new  determination  will  lie  iiublislied  later. 

Wahash  College, 

(Uawfonlxvillr,  hid. 
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A  Convenient  High  Potential  Battery. 


By  R.  R.  Ramsey. 


In  work  ou  radioactivity  it  is  necessary  to  have  a  battery  wliose  poten- 
tial Is  too  volts  or  more.  If  one  1ms  access  to  a  direct  current  lighting 
circuit  a  storage  battery  made  of  test  tubes  with  sheet  lead  strips  for 
electrod<*s  can  be  used.  Fifty  such  cells  arranged  in  a  rack  make  a  con- 
venient battery  when  the  lighting  circuit  is  110  volts.  Such  a  battery  re- 
quires a  week  or  more  for  forming,  and  due  to  the  small  capacity  of  the 
cells  they  should  be  connected  to  the  charging  circuit  all  the  time  except 
when  in  actual  use.  When  it  is  not  convenient  to  make  such  a  battery,  or 
when  the  facilities  for  keeping  it  charged  are  not  at  hand,  I  have  found 
that  a  battery  can  be  made  with  little  trouble  and  expense  of  tubular  flash 
lamp  batteries.  The  so-called  3^  volt  flash  lamp  batteries  consist  of  three 
small  dry  cells  sllpi)ed  into  a  pastel)oard  tube.  The  bottom  of  the  cell  is 
the  negative  terminal,  while  the  central  carbon  has  a  projection  extending 
tlirough  the  top,  which  serves  as  the  positive  terminal  of  the  cell.  Thus 
the  three  cells  when  placed  in  the  tube  are  in  series.  If  the  cells  are 
slipped  down  through  the  tubes  until  the  bottom  ones  project  one-half  their 
length  the  batteries  can  be  placed  one  on  top  of  another  and  form  a  long 
battery  connected  in  series,  the  potential  of  which  depends  upon  the  length. 
The  so-called  3^  .volt  battery  when  new  has  an  E.  M.  F.  of  about  4.4  volts. 
Or  twenty-flA-e  such  batteries  in  series  give  110  volts.  Of  course  it  is  not 
necessary  to  connect  all  in  one  "stick."  They  can  be  placed  in  "sticks"  of 
convenient  length  and  placed  upright  in  a  box  and  connected  in  series  by 
soldering  wires  to  the  ends,  thus  making  connections  which  will  give  in- 
termediate potentials.  When  new  these  batteries  have  very  low  resistance, 
and  great  care  should  be  exercised  to  prcA'ent  short  circuiting  the  cell.  Like 
all  dry  cells  the  resistance  increases  with  age  and  the  potential  at  the  ter- 
minals as  siumn  by  a  voltmeter  will  dinrease.  lUit  the  E.  M.  F.  of  tlie 
cells  as  shown  by  pot4*ntionieter  measurements  remains  constant  until  the 
cells  are  completely  dried  out.    Since  the  battery  in  radioactivity  work  is 
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used  for  static  i>ott»ntInls  the  high  internal  resistance  of  the  cells  will  not 
cut  any  fljcure. 

These  batteries  can  be  obtained  from  tlw  ek»ctrical  supply  houses  at 
2<)  cents  apiece.    Thus  a  110  volt  battery  will  ctist  .$5.00. 

Phil  nival  Laboratory, 

Ivdiana  Vuivvrsity,  April  11,  1911. 
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The  Equipment  of  a  High  Temperature  Measurement 

Laboratory. 


By  G.  A.  Shook. 


AILASIREMKNT    OF    HIGH    TEMPERATURES. 

The  first  atteuipt  to  measure  temperatures  with  any  accuracy  seems  to 
be  due  to  the  celebrated  ix)tter,  Wedgewood,  although  he  was  not  the  first 
by  any  means  to  recognize  the  importance  of  temperature  estimation  and 
temperature  control  in  kilns  in  order  to  reproduce  a  given  effect.  In  the 
time  of  the  Komans  the  wori^ing  of  iron  had  undoubteiliy  reachetl  an  ad- 
vanced stage,  hut  tlieir  methods  and  knowledge  of  the  metallurgy  of  iron 
were  entirely  empirical.  In  the  eighth  century  a  writer,  in  outlining  a 
method  for  obtaining  high  temi)eratures,  called  attention  to  the  most  diffi- 
cult part  of  the  problem,  namely,  that  "fire  is  not  a  thing  which  can  be 
measured."  Even  within  re<'ent  years  the  temperature  of  a  steel  kiln  was 
not  known  within  500  degrees  C.  and  the  values  given  for  the  temiierature 
of  the  sun  ranged  from  1,500  to  1,000,(X)0  degrees  C.  Today,  however,  with 
our  advanced  methods  of  radiation  pyrometry,  the  student  of  physics  can 
measure  the  teini)erature  of  the  sun,  tlie  hlght^st  known  temperature,  with 
as  much  ease  and  accuracy  as  he  can  determine  the  spe(*ific  heat  of  a  piece 
of  lead. 

It  has  been  known  for  several  years  that  numerous  industrial  processes, 
carried  out  at  high  temperatures,  rc<iuire  a  temperature  control  of  20  de- 
grees C.  Mr.  C.  E.  Foster',  in  speaking  of  the  successful  production  of  fin- 
ished castings,  remarked  that  tliere  are  four  main  factors  to  be  considered: 

1 — Composition  of  the  material  melted. 

2 — Atmosphere  and  surroundings. 

^ — Temperature. 

4— Time. 
The  first  two  of  these  are  taken  care  of  by  the  chemist,  but  the  third 
and  fourth  nuist  he  controlled  by  the  man  trained  in  pyrometry.    It  requires 
but  a  casual  glance  through  the  trade  Journals  to  convince  one  that  the 


»The  Foundry,  May,  1909. 
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Dien  who  are  handling  this  problem  in  the  industries  are  not  sufficiently 
trained  to  appreciate  tlie  limitations  of  its  practical  application.  There- 
fore the  engineer  or  chemist  must  be  trained  along  this  line  if  he  expects 
to  do  the  most  efficient  worli.  High  temperatures  were,  until  quite  re- 
cently, estimated  by  the  trained  eye  of  a  workman,  and  while  they  aciiuirtnl 
with  practice  a  surprising  accuracy,  such  a  procedure  is  entirely  inade<niate 
for  present  day  requirements.  Moreover,  the  observer's  estimate  is  influ- 
enced manifestly  by  a  number  of  circumstances,  such  as  the  amount  of 
light  in  the  room,  fatigue  of  the  eye,  physical  condition  of  the  observer,  etc 
The  greatest  disadvantage  is  that  a  skilled  workman  in  Pittsburg  can  not 
gain  anything  from  the  experience  of  a  workman  in  Birmingham.  In  times 
past  numerous  methods  have  been  devised  and  used  for  temperature  estima- 
tion and  temperature  control,  but  the  temperature  scales  used  were  so  dis- 
cordant that  about  six  years  ago  the  Bureau  of  Standards*  made  a  thorough 
investigation  of  the  most  available  methods. 

There  are  today  four  precise  laboratory  methods  for  measuring  high 
temperatures,  each  of  which  Is  the  basis  of  an  industrial  pyrometer: 

Electric-resistance  Pyrometer. — In  this  pyrometer  use  is  made  of  the 
variation  of  the  electric  resistance  of  metals  with  change  of  temperature. 
Since  resistance  can  he  measured  with  extreme  precision  this  method  per- 
mits of  \'ery  precise  measurements  of  temi>erature  up  to  1000°  C. 

Thermoelectric  Pyrometer. — This  Instrument  utilizes  the  variation  of 
the  electromotive  force  with  temperature,  developed  at  the  junction  of  two 
dissimilar  metals.  This  pyrometer  may  be  used  for  temi)erarures  up  in 
l(jO()°  C.  when  the  thermo-couple  consists  of  wires  of  platinum  and  platinum- 
rhodium  or  iridium. 

Radiation  Pyrometer. — In  this  type  of  pyrometer  the  total  radiation 
from  hot  bodies  is  taken  as  a  measure  of  their  temperature.  This  instru- 
ment requires  a  device  for  determining  very  small  changes  in  temperature, 
and  does  not  admit  of  very  great  accuracy,  but  is  very  convenient  for  very 
high  temperatures. 

Optical  Pyrometer. — In  the  case  of  pyrometers  of  this  class  tempera- 
ture estimation  is  made  by  means  of  a  photometric  comparison,  for  a  par- 
ticular wave  length,  between  the  radiation  from  some  standard  lamp  and 
the  radiation  emitted  from  the  body  under  observation.  This  is  a  very 
precise  method  and  is  available  for  the  higlu'st  Icnown  temperature. 


"Bulletin  Bureau  of  Standards.  Vol.  1,  p.  189. 
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TKMl'EBATl'RE    SCALE. 

The  usual  method  of  niensuriiijr  temi>ernture  Is  by  the  expansion  of 
wme  substance,  such  as  mercury  in  the  ordinary  glass  thermometer,  or  gas 
In  the  more  retined  work.  With  such  a  method,  however,  the  magnitude 
of  a  degree  will  deiwnd  upon  the  nature  of  the  substance  employed,  which 
Is  undesirable  In  scientific  work.  A  theoretical  thermometric  scale,  inde- 
pendent of  any  substance  used,  has  been  worked  out  by  Lord  Kelvin  and 
is  known  as  the  "Thermodynamic  Scale."  Temperatures  on  this  scale  are 
measured  by  the  vvorlv  done  in  carrying  a  substance  around  a  Carnot's 
cycle  working  between  two  sources  at  constant  temperature. 

Without  attempting  any  proof  here,  the  theory  gives  the  following  re- 
lation, 

Ti^Qi 

T2""Qj 
where  T  is  the  absolute  temperature  and  Q  is  the  quantity  of  heat,  which 
can  be  measured  in  terms  of  energy  since  l)y  the  first  law  of  thermody- 
namics heat  is  proportional  to  work.  Hence  the  ratio  of  any  two  temj)era- 
tures  may  be  determined  from  purely  mechanical  considerations  and  will 
furthermore  be  independent  of  the  substance  used  in  the  conversion  of  work 
into  heat.  Experiment  has  shown,  however,  that  no  known  gas  is  perfect, 
and  that,  furthermore,  no  gas  is  satisfactory  throughout  the  entire  range 
of  temperatures  which  are  used  in  gas  thermometry.*  The  practical  stand- 
ard is  the  international  Normal  Scale  of  the  constant  volume  hydrogen 
thermometer.  Hydrogen  can  be  used  for  very  low  temperatures,  but  above 
300°  C.  it  is  unreliable.  Nitrogen,  on  the  other  hand,  can  not  be  used  for 
low  temperatures,  but  is  suitable  for  high  temi)eratures.  In  the  absence 
of  a  perfect  gas  we  have  practical  standard  gas  thermometers,  such  as  hy- 
drogen and  nitrogen,  for  which  thermodynamic  corrections  have  been  de- 
termined. In  practice,  however,  the  gas  thermometer  is  never  employed  by 
reason  of  the  difficulties  inherent  in  its  use  and,  furthermore,  because  there 
are  numerous  other  thermometers  more  convenient  which  can  be  compared 
with  the  gas  thermometer. 

In  exact  work,  it  is  neoes.sary,  therefore,  to  define  temperature  in  the 
terms  of  the  tlieruHMlyiiamic  s<ale  ratlwr  than  the  "Normal"  or  "Gas 
Scale."  Especially  is  this  true  In  tlie  case  of  radiation  pyrometry,  where 
the  laws  und  formulas  developwl  have  their  foundation  in  the  second  law 


'  BullPtin.  Buroan  of  Standards,  Vol.  3,  p.  237. 
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of  therniodynninlcs.  Cniiscijuently  the  "temperature"  which  mvurs  in  the 
tMjihitions  is  the  ahsulute  thermodynaiule  tonii>erature. 

The  standardization  of  pyrometers  is  generally  made  hy  means  of  cer- 
tain fixed  points,  such  as  the  fusion  of  platinum,  palladium,  gold,  etc.,  and 
the  ebullition  of  water,  aniline,  nai)hthaline,  sulphur,  etc.,  which  have  been 
carefully  deternilncHi  by  means  of  the  gas  thermometer.  The  platinum 
thermoelectric  pyrometer,  on  acc*ount  of  its  ease  of  manipulation,  conveni- 
ence, and  accuracy,  has  come  into  general  use  for  temi)erature  meaisure- 
ments  between  1200°  C,  the  upper  limit  of  the  gas  thermometer,  and  160(»° 
C.  The  thermo-couple  may  be  directly  compared  with  the  gas  thermometer 
up  to  1200°  C,  but  Iwwond  this  we  must  rely  on  extrapolation  up  to  1600°  C, 
which  is  the  limit  of  the  thermo-couple.  Beyond  this  range,  the  scale  must 
depend  upon  radiaticm  laws  which  have  some  theoretical  support  and  can 
be  tested  within  the  range  of  the  gas  scale. 

It  is  seen  from  the  above  that  high  temiK^rature  measurements  may 
be  made  in  terms  of  the  thermodynamic  scale,  but  that  the  actual  precision 
la  entirely  subordinate  to  that  of  the  various  intermediate  stei>s,  which 
lead  from  the  perfect  gas  thermometer  to  the  radiation  pyrometer. 

APPARATl'S. 

Eltrtric-rcsistaurc  Pyromcicv. — Pyrometers  of  this  type  are  more  or 
less  familiar  to  persons  who  have  had  any  experience  whatever  in  Heat 
or  Electrical  Measurements'  laboratories.  To  illustrate  the  application  of 
resistance  thermometry,  in  the  laboratory,  a  number  of  pure  metals  such  as 
nickel,  iron,  silver,  and  copper  may  be  used  for  temperatures  up  to  300**  C, 
and  there  are  several  types  of  cheap,  compact,  serviceable  instruments  now 
on  the  market.  For  practical  use  and  calibration  the  coil  of  wire  used 
should  he  inclosed  in  a  tube  or  stem  of  some  suitable  material,  such  as 
glass,  iron,  or  porcelain,  depending  upon  the  temperature  to  which  it  Is 
sul)jo(ted.  This  stem  should  terminate  in  a  head  provided  with  bindin«z 
post  for  making  connections  to  lead  wires.  As  the  resistance  of  the  lead 
wires  will  vary  with  the  depth  of  immersion  it  is  necessary  to  provide  com- 
pensating leads  which  are  put  in  the  adjacent  arm  of  a  Wheatstone  bridge. 
For  all  temperatures,  from  the  lowest  obtainable  up  to  1000°  C.  and  espe- 
cially for  the  higher  temi)eratures,  platinum*  is  the  most  satisfactory.  When 
used  for  high  teniperalurcs  (up  to  l(MH)'' C.)  the  platinum  coil  is  generally 
wound  over  a  mica  frame  and  inclosed  in  an  infusible  porcelain  steni. 
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Thermoelectric  Pyrometer. — Numerous  materials  have  been  used 
around  the  laboratory  for  thermo-couples,  but  the  cheapest  and  at  the  same 
time  the  most  reliable  is  the  copper-constantan.  The  latter  metal  Is  known 
in  this  country  as  Advance,  or  la  I«.  This  couple  can  be  used  up  to 
about  000°  C.  An  extended  investigation  of  this  thermoelement  has  been 
c.iirieil  out  by  While,'  who  rtx'ommends  it  as  a  prei»ision  thermometer.  For 
temperatures  between  300°  C.  and  1600°  C.  platinum  and  some  alloy  of 
platinums  must  be  used. 

The  choice  of  a  coui)le  depends  entirely  ui)on  the  conditions  under 
which   it   is   to   be   used.    For   high    temperatures    the   platinum   couple 

(Pt l*t  +  10%Rh)  is  perhaps  the  only  one  that  is  used  with  success,  but 

for  low  temperatures,  say  up  to  1000°  C,  a  number  of  alloys  are  used  in  in- 
dustrial processes  with  good  success.  For  low  temperatures  it  is  necessary 
to  choose  metals  that  will  produce  a  higher  P.D.  than  that  used  at  high 
temperatures.  For  temperatures  below  100°  C,  the  couple  may  be  cali- 
brated by  direct  comparison  with  mercury  thermometer,  but  for  high  tem- 
IKratures  fixed  i^lnts  are  necessary. 

The  method  of  measuring  the  P.D.  depends  upon  the  accuracy  required. 
For  precise  work  the  cold  Junction  should  always  be  kept  at  constant  tem- 
perature (generally  melting  ice)  and  the  P.D.  should  be  measured  on  a 
potentiometer,  using  a  standard  cell.  For  work  when  great  precision  Is  not 
necessary,  a  d'Arsonval  galvanometer  or  even  a  sensitive  milllvoltmeter  Is 
sufficiently  accurate.  In  Industrial  practice  the  outfit  must  be  as  portable 
and  compact  as  possible  so  that  a  direct  reading  instrument  Is  generally 
used,  which  Is  substantially  a  mlllivoltmetcr  calibrated  to  read  direct  in 
temperature  °C.  or  °F.  The  cold  junction  In  such  cases  Is  generally  main- 
tained at  25°  C.  or  75°  F.,  and  the  instrument  Is  calibrated  to  be  correct  at 
that  temperature.  Any  slight  variation  will  not  cause  a  great  error,  but 
an  approximate  corre<*tlon  can  always  be  made  by  adding  to  the  Indicated 
temperature  the  difference  between  the  temperature  of  the  cold  junction 
and  25°,  when  the  former  exceeds  25°,  and  subtracting  the  difference  when 
it  is  less  than  25°.    Correction  can  also  Ik?  made  by  means  of  an  automatic 


*  Bulletin  Bureau  of  Standards.  Vol.  6.  p.  140. 

•  Phys.  Rev.,  Auff.,  1010,  p.  135. 
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^..^  compensator  as  shown  in  Fig  I.     It  consists  of  a  fine 

^  ddo(f^jydddd  *"     platinum  wire  A,  wliich  is  partially  immersed  in  mer- 

I  n^  cnry  B.    When  the  bulb  is  heated  the  mercury  In  the 

111  capillary  tube  expands  and  short  circuits  the  platinum 

^^k  loop,  thus  diminishing  the  resistance  of  the  circuit. 

IIH^  This  balances  a  change  in  e.  m.  f.,  due  to  a  rise  of 

HjH  temperature  of  the  cold  Junction. 

^^B  All  the  contacts  of  the  different  parts  of  the  oir- 

Fig.  1.  ouit  should  be  carefully  made,  and  wherever  possible 

this  should  be  done  by  soldering.  The  hot  junction  of 
the  wires  used  in  the  couple  should  be  fused  together.  For  easily  fusible 
metals,  such  as  copper,  this  can  be  done  in  the  Bunsen  flame,  but  for 
platinum  oxygen  is  required.  Platinum  may  also  be  fused  in  the  electric 
arc.  At  the  cold  junction  the  lead  wires  should  be  soldered  to  the  thermo- 
element wires.  The  wires  comiK)8ing  the  couple,  which  are  subjected  to 
high  temperatures,  should  be  insulated  throughout  their  entire  length  by 
glass  tubes  or  pipe  stems.  Asbestos  thread  may  also  be  used  for  tempera- 
tures below  1300°  C.  Small  fire  clay  tubes  pien  e<i  by  two  holes  may  also 
bo  procured  and  are  very  convenient.  For  industrial  work  the  couple 
should  be  inclosed  by  an  iron  or  porcelain  tube.  The  former  should  not 
be  used  for  temperatures  over  800°  C. 

Radiation  Pyrometry. — From  the  fact  that  the  intensity  of  light  emit- 
ted from  a  body  increases  very  rapidly  with  rise  of  temperature  the  op- 
tical method  is  well  adapted  to  the  measurement  of  high  temi>eratures. 
For  example,  the  luminous  intensity  of  the  red  part  of  the  light  emitted 
by  a  body  of  1500°  C.  is  180  times  the  intensity  of  1000°  C,  and  at  2000°  C. 
it  is  more  than  2100  times  as  great  as  at  1000°  C.  It  thus  appears  that  a 
comparatively  rough  measurement  of  the  luminous  intensity  of  an  incan- 
descent iKHjy  would  give  a  pretty  accurate  measurement  of  its  temperature. 
This  conclusion,  however,  is  modified  by  the  fact  that  different  bodies  at 
the  same  temperature  emit  very  different  amounts  of  radiant  energj*.  Tlie 
radiating  power  of  a  body  depends  not  only  upon  the  temperature  but  also 
the  composition  and  nature  of  the  surface.  In  order  that  the  radiation  and 
optical  methods  can  be  used  for  comparison  of  temperatures  it  is  necessary 
that  tlie  effect  of  differences  of  surfaces  be  eliminated.  This  can  be  done 
by  reducing  the  radiation  from  all  surfaces  to  the  radiation  that  would 
occur  from  some  ideal  surface  arbitrarily  taken  as  a  standard  of  com- 
pa  risen. 
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A  body  that  would  absorb  all  the  radiant  oHert:>  iiKident  upon  it  Is 
colled  a  i)erfectly  black  body.  From  a  consideration  of  Prevosts  theory 
of  exchange  it  can  be  shown  that  a  body  inside  an  indosure  all  parts  of 
which  are  at  tlie  same  tenii)erature  is  a  perfectly  black  body.  Kirchoff  has 
shown  that  the  radiation  from  a  perfectly  black  body  depends  only  upon 
its  temperature.  For  this  reason  the  radiant  energy  emitted  by  a  perfectly 
black  body  is  taken  as  the  basis  for  the  comparison  of  high  temperature. 
Radiation  and  optical  pyrometers  are  calibrated  by  comparing  a  series  of 
actual  temperatures  of  a  perfectly  black  body  with  the  amounts  of  energy 
radiated  at  the  respective  temi)eratures.  Two  bodies  are  at  the  same  black 
body  temperature  when  they  emit  equal  amounts  of  radiant  energy.  Two 
bodies  at  the  same  actual  temperature,  determined  by  means  of  a  gas  ther- 
momet<»r,  will  not  be  at  the  same  black  body  temperature  unless  their  sur- 
faces  have  the  same  radiating  power.  For  example,  a  piece  of  iron  and  a 
Iii<Me  of  porcelain  each  at  an  actual. temperature  of  1200"  C,  if  examined  by 
means  of  an  optical  pyrometer  calibrated  in  terms  of  the  red  rays  emlttetl  by 
a  perfectly  black  body,  would  indicate  1140°  C.  and  1100°  C.  resi)ectively. 
If.  however,  two  bodies  be  placed  Inside  a  uniformly  heated  iuclosure  they 
will  not  only  attain  the  same  temperature,  but  they  will  also  emit  radiant 
energy  equally.  That  is,  they  will  have  the  same  black  body  temperature. 
In  other  words,  the  actual  temjjerature  of  a  body  inside  a  uniformly  heated 
indosure  equals  the  black  body  temperature. 

A  pyrometer  then,  which  has  been  calibrated  by  comparison  with  a 
l)lack  body,  when  sighted  upon  an  incandescent  body,  reads  not  its  true 
temperature  (thermodynamic  temperature),  but  its  black  body,  which  will 
be  somewhat  lower  than  its  true  temperature.  The  difference  will  depend 
upon  the  emission  i)ower  of  the  body.  If,  however,  the  body  sighted  u[>on  is 
a  black  body,  for  example  a  heated  indosure,  then  the  pyrometer  indicates 
its  true  or  thermodynamic  temperature.  A  few  substances  such  as  platinum 
black,  carbon  and  iron  oxide  radiate  approximately  as  black  bodies,  but 
as  yet  there  is  no  known  substance  which  is  absolutely  black.  In  using  the 
term  in  this  sense  we  must  remember  that  the  temperature  must  be  involved 
as  well  as  the  emission  and  absorption  powers.  Thus,  any  body  whose 
radiation  is  proportional  to  that  of  a  black  body,  for  all  wave  lengths,  is 
considered  black  if  its  temperature  is  the  same  as  a  black  body.  If  its  true 
temi)erature  is  higher  (it  could  never  be  lower)  it  is  considered  gray,  A 
carbon  lamp  filament  is  gray  be<*ause  its  spectral  distribution  is  the  same  as 
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a  black  body,  but  not  black  l)ecnuse  Its  true  temperature  Is  slightly  tiighet* 
than  a  black  body. 

A  uniformly  heated  inclosure  is  the  nearest  approximation  to  our  ideal 
black  body. 


Consider  a  body  A  within  a  heated  inclosure  B,  Fig.  2,  both  at  the 
same  temperature  throughout.  A  receives  a  certain  amount  of  thermal 
radiation  from  the  wall  of  the  envel(H>e  O  and  radiates  to  C  an  equal 
amount  if  they  are  in  temperature  equilibrium.  Also  A  radiates  a  certain 
amount  to  D  and  receives  the  same  amount,  If  D  is  at  the  same  tempera- 
ture. Since  A,  on  the  whole,  neither  gains  nor  loses  it  radiates  to  D  the 
same  amount  it  receives  from  C,  consequently  the  radiation  from  A  towards 
D  is  the  same  as  that  from  C  towards  D.  Not  only  is  the  quantity  the 
same  but  also  the  quality,  for  the  coefficient  of  absorption  depends  upon 
the  quality  (I.  e.,  it  is  dlflferent  for  different  parts  of  the  spectrum),  so 
that  if  C  and  A  radiate  the  same  amount  they  must  radiate  the  same  qual- 
ity. If  the  spectral  distribution  of  A  were  different  from  C  Its  coeffi- 
cient of  absorption  would  be  different  and  therefore  It  would  not  radiate 
the  same  quantity.  Hence  any  other  body  within  B  and  at  same  tem- 
perature would  radiate  the  same  as  A  so  that  no  detail  could  be  detected, 
i.  e.,  the  objects  could  not  be  distinguished  from  one  another  or  the  walls 
of  the  inclosure. 

Moreover  any  body  outside  of  B  at  the  same  true  temperature  could 
not  radiate  more  energy  than  A,  consequently,  A  is  a  complete  radiator 
or  a  perfectly  black  body  when  within  B,  and  It  also  follows  that  the 
Interior  of  B  radiates  as  a  perfectly  black  body.     A  piece  of  polished 
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rplatinum  ani  a  piece  of  cal-boii  "^oiilA  appear  equally  bright  Within  B,  if 
viewed  through  a  small  hole,  but  If  quickly  removed  the  platinum  would 
appear  less  bright  than  the  carbon,  for  it  gives  out  less  light  that  Is  proper 
to  itself  since  it  Is  a  good  reflector  but  a  poor  absorbent  and  consequently 
a  poor  radiator,  while  C  gives  out  more  light  that  is  proper  to  itself  since 
it  Is  a  poor  reflector  but  a  good  absorbent  and  a  good  radiator. 

Now  If  the  wall  D  were  partly  removed  or  were  cooler  than  the  rest 
of  the  walls  it  could  not  radiate  to  A  as  much  as  C  does  because  it  receives 
less  from  D.  In  this  case  we  would  have  a  slight  departure  from  black 
body  eonditions.    Hence  the  general  statement: 

Thetrde  temperature  as  Indicated  by  a  thermo-couple,  of  all  substances 
heated  in  an  inclosure,  is  the  same  as  the  black  body  temperature,  as  indi- 
cated by  a  pyrometer,  which  has  been  calibrated  against  a  black  body.  If, 
however,  the  walls  of  the  inclosure,  wholly  or  in  part,  are  cooler  than  the 
radiating  object,  its  tine  temperature  will  In  general  be  higher  than  the 
black  body  temperature.  However,  if  the  walls  are  reflecting,  but  at  the 
same  time  cold,  llie  difiFer«Bce  in  th»  two  temperatures  Is  less.  This  dlf- 
tetenee  will  be  still  Ic^ss  if  the  objects  considered  are  of  carbon  or  platinum 
black,  etc. 


Fig.  3. 

An  experimental  black  body  should  therefore  be  as  uniformly  heated 
ai*  possible  and  the  ai)erture  should  be  small,  or  if  one  end  is  entirely  re- 
moved, as  in  Fig.  3,  the  length  should  be  large  compared  with  Its  cross- 
section. 

It  thus  appears  that  In  order  to  attain  actual  temperature  by  radiation 
methods  the  body  whose  temperature  is  desired  must  be  made  as  nearly  a 
black  body  as  possible.  In  many  cases  this  can  be  done  with  little  diffi- 
culty. For  example,  if  the  temperature  of  an  annealing  oven  is  required, 
one  could  Insert  Into  the  oven  the  closed  end  of  a  long  metal  or  porcelain 
tube.  The  radiant  energy  coming  from  the  bottom  of  this  tube  will  be  a 
close  approximation  to  that  of  a  perfectly  black  body.  If  black  body 
coBditions  are  not  realized  as  an  incandescent  sheet  of  metal  the  tem[)era- 

[20— 2G9881 


30C 

turo  may  bt>  expressed  merely  as  black  body  temperature,  KirchoflTs  abso- 
lute scale. 

Latcs  of  Black  Body  Radiation. — Stefan  deduced  from  experiment,  and 
l^>Itzmann  deduced  from  thermodynamic  considerations,  the  law  that  the 
lotal  radiant  energy  emitted  from  a  black  body  is  proportional  to  the  fourth 
power  of  the  absolute  temperature,  or, 

J  =  KT* 

where  K  is  a  constant. 

The  radiant  energj'  emitted  by  a  heated  body  is  in  the  form  of  waves 
of  diverse  wave  length.  Most  of  the  radiant  energy  is  due  to  waves  that 
are  too  long  to  aflfect  the  eye.  As  the  temperature  of  the  body  is  increased, 
the  energy  of  all  the  emitted  waves  is  increased,  but  the  energy  of  the 
shorter  waves  increases  more  than  that  of  the  longer  waves.  That  is,  the 
distribution  of  em^rgy  among  tlie  waves  of  different  lengths  depends  u{)on 
tiie  temperature  of  the  body. 

Wien  has  also  shown  that  the  product  of  the  absolute  temi)erature  T 
of  some  source  and  the  wave  iQUgth  having  maximn^i;  energy,  /m  i" 
Fpectrum  is  a  constant. 

/mT  =  constant    A 

This  is  generally  known  as  the  displacement  law  or  Wien's  First  Law. 
Wien  also  combines  his  first  law  with  the  Stefan-Boltzmann  Law  giving 
his  second  law. 

JmaxT'*  =  constant    B 
llis  most  important  investigation,  however,  was  the  investigation  of  spec- 
tral distribution  of  energy  in  the  radiation  of  a  black  body  In  which  he 
shows  tliat  for  any  particular  wave  length  the  relation  between  the  energy 
emitted  and  the  absolute  temperature  is  as  follows: 

J  =  CiA*e (I) 

aT 

wliere  J  is  the  energy  corresiKinding  to  wave  length  /i  and  T  is  the 
absolute  temperature.  Ci  and  C.  are  constants  and  e  is  the  base  of  the 
natural  system  of  logarithms. 

The  working  principles  of  the  following  oxiK^riments  are  based  upon 
these  two  laws,  i.  e.,  the  total  radiation  and  spectral  radiation  laws.  In 
the  first  case  black  body  temperature  Is  determined  by  measuring  the  total 
energy,  as  in  a  Ff'ry  pyrometer  w^hich  allows  radiations  of  all  wave  lengths 
to  fall  u])on  a  sensitive  thermo-couple  connected  to  a  direct  reading  gal- 
vanometer.    In  the  second  case  some  particular  wave  length  is  used  and 
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the  measurement  of  temperature  is  made  photometrii'ally  by  adjusting  to 
eciuality  two  photometric  fields  produced  by  a  standard  source  and  the 
body  to  be  measured.  The  intensity  of  radiation  Is  varied  by  cutting  down 
llie  objective  aperture,  as  in  Le  Chat<»]ier,  or  by  a  polarizing  device, 
as  in  the  Wanner,  or  by  varying  the  Intensity  of  the  standard  itself,  as  in 
the  Hoi  born. 

Since  we  are  using  mono-chromatic  light  a  measure  of  the  luminous 
intensity  may  be  taken  as  a  measure  of  the  radiant  energy.  The  Intensity 
of  radiation  of  a  source  may  be  defined  as  the  ratio  of  tlio  total  energy 
emitted  (including  all  wave  lengths)  to  the  energy  falling  upon  unit  sur- 
face. A  part  of  the  energy  emitted  by  a  heated  body,  however,  may  be 
luminous  and  l)oth  the  luminous  and  total  energy  emitted  by  a  body  in- 
creases with  temperature,  but  the  total  luminous  energy  is  not  proportional 
to  the  total  energy  emitted.  The  luminous  energy  of  any  particular  wave 
length,  however,  is  directly  proportional  to  the  total  radiant  energy 
emitted.  Hence  In  any  optical  pyrometer  when  photometric  comparison 
is  made  if  mono-chromatic  light  is  use<l  the  above  radiation  laws  will 
hold. 

Wanner  Pyrometer. — It  has  been  shown  that  the  luminous  intensities 
of  two  bodies  may  be  talcen  as  a  measure  of  their  temperatures,  if  mono- 
chromatic light  is  used,  and  since  luminous  intensities  may  be  compared 
by  the  rotation  of  a  NIcol  prism  we  have  a  convenient  means  of  measuring 
high  temperatures. 

In  this  method  comparison  is  made  between  a  standard  lamp  and  the 
body  whose  temperature  is  sought.  The  standard  used  is  a  6-volt  incan- 
descent lamp  which  is  in  turn  compared  with  some  primary  standard  as 
an  amyl  acetate  lamp.  For  this  work  the  primary  standard  is  used  merely 
as  a  check  for  the  more  convenient  electric  lamp  and  so  long  as  It  is  re- 
producible so  that  the  comparison  lamp  can  always  be  brought  to  the  same 
condition,  we  are  not  concerned  with  its  intrinsic  intensity  or  temperature. 
Photometric  comi)arlson  is  made  of  the  comparison  lamp  and  the  unknown 
source  by  adjusting  to  equal  brightness  two  halves  of  a  photometric  field 
by  means  of  a  polarizing  arrangement,  monochromatic  red  light  being  pro- 
duced by  a  direct  vision  prism. 

The  intensity  of  the  unknown  source  In  terms  of  the  comparison  lamp, 
taken  as  unity,  is 

J  =  tan*^ 
where  ^    is  the  rotation  of  the  Nicol  prism. 
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Le  Chatclicr  Pyrometer, — Lo  Chateller's  optical  pyrometer  compares 
the  luminous  intensity  of  the  red  radiation  from  the  body  whose  tempera- 
ture is  derived  with  the  red  radiation  from  a  standard  light  source.  The 
radiation  from  the  body  whose  temperature  is  to  be  measured,  traverses 
the  diaphragm  S,  Fig.  4,  and  the  objective  O.  A  part  of  the  radiation 
grazes  the  right  edge  of  the  mirror  M  and  is  brought  to  a  focus  at  the 
focal  plane  of  the  eye-piece  A.  Light  from  the  central  portion  of  the  flame 
of  the  comparison  flame  L  traverses  the  objective  O',  is  reflected  from  the 
inclined  mirror  M  and  is  also  brought  to  a  focus  In  the  focal  plane  of  the 
eye-piece.  Thus  two  images,  one  of  the  source  whose  temperature  is 
sought,  and  one  of  the  comparison  flame,  are-Vound  side  by  side,  In  the  focal 
plane  of  the  eye-piece.  Those  two  images  are  simultaneously  observed  by 
means  of  the  eye-piece  A  provided  with  a  piece  of  red  glass  for  rendering 
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the  radiations  that  enter  the  eye  of  the  same  wave  lengths.  By  adjust- 
ing the  size  of  the  aperture  in  the  diaphragm  S,  these  two  images  can  be 
brought  to  the  same  luminous  intensity.  The  distance  from  the  objective 
O  to  the  focal  plane  of  the  eye-piece  can  be  varied  in  order  to  focalize  the 
radiation  from  the  luminous  source,  and  the  distance  can  be  read  directly 
from  a  scale  engraved  on  the  draw  tube.  The  aperture  In  the  diaphragm 
S  Is  square  and  the  length  of  one  sl^e  can  be  read  directly  from  the 
scrpw  head  which  operates  it. 
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Tlie  intensity  of  the  unlvnown  source  in  terms  of  tlie  Intensity  of  the 
comparison  lamp  talien  as  unity,  becomes 

1 

J  =  (— )^ 
d 

where  d  denotes  the  lengtli  of  one  side  of  tlie  square  aperture  S.  Due  to 
the  laclc  of  monoi-hromatism  of  tiie  red  glass  this  instrument  is  not  so 
accurate  as  the  Wanner. 

JIolborn-Kurlhaum  Pyrometer. — In  this  metho<l  the  luminous  intensity 
of  the  comparison  source  is  varieil  until  a  photometric  balance  is  obtained 
between  its  image  and  the  image  of  the  incandescent  object  in  question. 
In  tht*  H.-K.  (riolborn-Kurlbaum)  i)yronieter  shown  in  Fig.  5  a  small  elec- 
tric lamp  L  is  placed  in  the  focal  plane  of  the  objective  O  and  the  same 
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is  viewed  by  means  of  an  eye-lens  E.  In  making  an  observation  the  pyrom- 
eter is  fcK'uscd  upon  the  object  whose  temperature  is  sought,  thus  bring- 
ing the  Image  of  the  object  in  the  plane  of  L.  The  current  through  the 
lamp  is  adjusted  by  means  of  a  rheostat  until  the  lamp  filament  disappears 
against  the  bright  background.  The  value  of  the  current  strength  can  be 
read  direct  from  a  mllll-ammeter. 

In  order  to  measure  temperature  with  this  instrument  it  must  be 
empirically  calibrate<I  by  means  of  a  black  body.  A  cur\^e  may  then  be 
plotted  with  current  in  milli-ami>eres,  I,  and  temperature,  t,  in  degrees  C. 
To  determine  an  unknown  temperature,  it  is  only  necessary  to  focus  the 
instrument  upon  the  object  in  question  and  adjust  the  current  through  the 
lamp  until  the  filament  disappears  against  the  bright  object.  The  pyro- 
meter then  Indicates  the  black  body  temperature  unless  black  body  condi- 
tions are  realized.  In  which  case  it  Indicates  true  temi)erature,  i.  e.,  thermo- 
dynamic temi)erature. 

The  reading  of  the  :nnmeter  will   In?  Indei>endent  of  the  distanc**  <»i' 
pyrometer  from  object  so  long  as  the  solid  angle  w,  ¥\g,  5,  is  constant 
This  Is  accomplished  by  means  of  the  diaphragm  D.    When  the  instrument 


310 

is  focused  for  dlstaut  obji'cts,  i.  e.,  wlieii  O  is  drawu  near  L,  tlie  solid  angle 
w  would  l)e  increased  if  it  were  not  for  the  diaphragm  D. 

The  light  which  reaches  the  eye  is  rendered  approximately  mono- 
chromatic by  a  red  glaps  U  placed  before  the  eye-piece  but  for  temperatures 
below  800°  C.  this  is  not  necessary  and  above  1,200°  C.  two  glasses  are 
generally  used.  For  the  extrapolation  of  the  experimentally  determined 
curve  for  high  temperatures  Wien's  third  law  may  be  used.  For  these  high 
temperatures  beyond  the  safe  limit  of  the  lamp  three  different  methods 
are  used  for  cutting  down  the  Incident  radiation  a  determinate  amount; 
absorbing  glasses,  mirrors,  and  sector  discs. 

Since  the  absorbing  power  of  the  absorption  glasses  is  different  for 
different  wave  lengths,  if  there  is  any  lack  of  monochroraatism  in  the  red 
transmission  glasses,  which  is  generally  the  case,  Wien's  law  will  not  hold 
for  high  temperatures. 

To  overcome  this  difficulty  Henning"  has  combined  an  II.-K.  pyrometer 
with  a  Hilger  constant  deviation  si>ectrometer  so  that  homogeneous  light 
may  be  used.  This  instrument  has  the  further  advantage  that  any  part 
of  the  spectrum  may  also  be  employed.  Dr.  Mendenhall  has  recently  de- 
vised a  spectroscopic  eye  piece  to  accomplish  the  same  purijose. 

The  H.-K.  i)yrometer  Is  probably  the  most  sensitive  pyrometer  now 
in  use. 

Fcry  Total  Radiation  Pyrometer. — From  a  consideration  of  the  Stefan- 
Boltzmann  radiation  law  we  have  seen  that  the  energy  radiated  by  a  black 
bodj'  is  proportional  to  the  fourth  power  of  the  absolute  temperature,  or, 

J  =  KT*  (2) 

From  this  relation  it  Is  evident  that  a  comparatively  rough  method 
of  determining  the  energy  radiated  would  yield  fairly  accurate  results  of 
temperature*  measurements. 

The  Fcry  radiation  pyrometer  is  shown  in  detail  in  Fig.  6.  Radiation 
from  an  incandescent  body  is  focused  upon  a  minute  and  sensitive  thermo- 
couple C,  i)y  means  of  a  lens  A'.  In  order  to  calibrate  the  pyrometer 
directly  In  terms  of  the  Stenfan-Boltzman  law  the  lens  should  be  trans- 
parent for  all  radiations  and  this  is  best  effected  by  using  a  fluorlte  lens 
which  for  temi)eratures  above  000°  C.  does  not  absorb  an  appreciable  portion 
of  the  incident  radiation.  F  is  a  rack  and  pinion  for  focusing  the  radiation 
upon  the  thenno-junction.    The  screens  C  and  D  protect  the  junction  from 
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extraneous  rays.  The  diaphragm  K  provides  a  constant  angle  aperture, 
which  is  a  necessary  condition  for  the  instrument  to  be  independent  of 
focusing.  The  thermo- junction  leads  are  connected  to  the  posts  b  and  bi, 
which  are  in  turn  connected  to  a  galvanometer.  In  making  a  temperature 
measurement  the  Image  of  the  incandescent  object   is  focused  upon  the 


b    b 


Fig.  0. 

thermo-couple  by  means  of  the  eye  piece  E,  and  care  must  be  taken  that 
the  image  is  larger  than  the  thermo-couple.  It  is  evident  from  Equa.  2 
that  if  the  galvanometer  has  a  uniform  scale  and  the  temi>erature  Ti  is 
known  corresponding  to  a  scale  reading  U,,  tlie  hMupcratnre  Tj  for  any  other 
reading  Rj  may  l>e  found  from  the  relation, 

T^  =  ^»   \R, 

When  the  limit  of  the  scale  is  reached  the  calibration  may  be  extended 
l»y  means  of  a  diaphragm  placed  before  the  objective  or  by  shunting  the 
galvanometer.  In  technical  practice,  however,  a  glass  lens  is  used  and 
the  instrument  is  calibrated  empirically  against  a  black  body  whose  tem- 
l>erature  can  be  determined.  This  Instrument  is  also  made  with  a  gold 
reflector  instead  of  a  lens.  Fery^  has  recently  brought  out  a  new  pyrome- 
ter which  is  similar  to  the  above  with  the  excei)tion  that  the  tempera- 
ture of  the  incident  radiation  Is  measured  by  means  of  a  minute  expansion 
spiral  consisting  of  two  metals  with  dissimilar  expansion  coefficients. 
This  mechanical  device  renders  the  instrument  more  robust  but  does  not 
admit  of  so  great  accuracy  as  the  thermoelement. 

Morse  7'hermo-Gage.  This  is  somewhat  similar  to  the  Ilolbom- 
Kurlbaum  pyrometer  in  that  it  utilizes  the  disai)pearlng  filament  principle 
but  It  is  not  nearly  so  precise  since  it  is  not  provi<l<»d  with  any  lens  system 
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or  monochromatic  glasses.  It  Is  simply  an  incandescent  cflectrlc  lamp  in  a 
black  tube  and  it  is  operated  and  calibrated  In  a  similar  manner  to  the 
'Holborn  instrument 

While  there  are  a  nunil)er  of  instruments,  more  or  less  reliable,  which 
'may  be  bought  from  scientific  shops,  the  aTwrve  list  represents  the  ones  in 
'most  commdn  use.  In  the  opinion  of  the  author  it  is  neither  necessary  nor 
^advisable  ^to  equip  a  high  temperature  laboratory  with  an  elaborate  outlay 
of  expensive  commercial  apparatus.  The  object  of  such  a  laboratory  should 
be  to  teach  the  student  the  fundamental  principles  of  the  subject,  the  appli- 
cation and  limitations  of  tliese  principles  to  commercial  instruments  and  to 
train  the  student  in  the  use  of  a  few  tyi^es  of  instruments.  After  having 
mastered  the  principles  of  radiation  pyrometry  the  student  will  have 
no  difficulty  in  making  a  temi>erature  observation  by  means  of  a  direct 
reading  Ff*ry  spiral  pyrometer  or  any  other  similar  instrunuMit. 

C 


R 


o 


Fig.  7. 


For  the  purposes  of  calibration  or  standardization  of  instruments  the 
laborator  should  also  include  a  boiling  point  apparatus  for  each  of  the 
fixed  points,  or  if  the  fusion  tcnii>eratures  of  the  metals  are  used,  a  melting 
furnace. 
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To  calibrate  a  platinum  couple,  the  most  convenient  fixed  points  are 
the  fusion  temperature  of  copi)er,  antimony  and  zinc.  These  metals  may 
be  melted  in  small  graphite  crucibles.  The  size  of  crucible  chosen  and  the 
quantity  of  metal  used  should  be  such  that  at  least  5  cm.  of  the  couple  may 
be  immersed  In  the  metal.  The  crucible  may  be  heated  in  any  suitable 
manner,  but  an  electric  resistance  furnace  is  perhaps  the  most  convenient. 
Fig.  7. 

One  form  of  furnace  consists  of  two  concentric  cylinders  of  fire  clay, 
or  porcelain,  placed  upon  a  base  of  the  same  material.  A  suitable  cover 
also  is  provided  with  a  hole  for  admitting  the  couple.  The  inner  cylinder 
is  overwound  with  fine  nlelcel  wire  or  ribbon  and  the  crucible,  to  be  heated, 
is  placed  within  this  cylinder.  It  should  be  placed  at  about  the  center 
so  as  to  be  uniformly  heated. 

Another  form  of  furnace  which  is  less  likoly  to  tjet  out  of  order,  but 
which  on  tlie  other  hand  is  not  so  satisfactorj'  for  precise  work,  Is  shown 
in  Fie:.  8.    This  Ciwisists  of  a  rectangular  trough  of  brick  work  (a,  Fig.  8). 


Fig.  8. 

The  inside  width  should  be  somewhat  greater  than  the  diameter  of  the 
crucible  to  be  used  and  the  depth  slightly  greater  than  the  height  of  the 
crucible.  The  ends  of  the  trough  are  closed  with  carbon  plates  cc,  which 
carry  binding  posts  bb,  for  the  connecting  wires.  The  intervening  space 
K  is  filled  with  a  granular  resisting  material,  commercially  known  as 
"Kryptal."  The  connectors  at  bb  are  connected  to  some  source  of  e.m.f. 
either  DC  or  AC.  The  amount  of  cuiTent  may  be  regulated  by  varying  the 
density  of  the  mass  of  kryi)tal  used.  Thus,  when  a  large  amouat  is  used 
and  when  it  is  packed  down  well  a  large  current  will  pass  through  the 
furnace.  'I'he  top  of  the  entire  furnace  should  be  covered  over  wUh 
bricks. 
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111  order  to  calibrate  or  standardize  a  pyrometer  it  is  necessary  to  have 
a  hnninous  sonree  wiiose  black  body  temperature  is  accurately  known.  The 
primary  standard  must  be  some  form  of  a  heated  inclosure  whose  walls 
can  bo  maintained  at  a  uniform  constant  temperature.  Some  means  must 
also  be  used  for  determining  the  true  temperature  of  the  inside  of  the 
inclosure. 

This  is  generally  accomplished  by  some  form  of  an  electric  re- 
sistance furnace,  as  shown  In  Fig.  9.  It  consists  of  a  central  porcelain 
tube  overwound  with  thin  platinum  foil  through  which  [lasses  an  electric 
current  whicrh  can  be  adjusted  to  maintain  any  desired  temperature  up  to 
about  1,000°  C.  Concentric  with  this  tube  are  two  shorter  ones  which, 
with  the  Intervening  air  spaces,  minimize  the  radiation.  Some  form  of 
thermo-couple  is  placed  In  one  end  so  that  the  hot  junction  Is  near  the 


Fig.  9. 

center  of  the  tube,  if  there  is  a  cold  junction  It  should  be  placed  in 
crushed  ice.  The  thermo-couple  may  be  either  connected  to  a  potentiome- 
ter or  a  sensitive  potential  galvanometer  which  reads  millivolts,  and 
by  means  of  a  previously  determined  calibration  any  temperature  may  be 
determined.  Except  in  refined  work  the  ice  point  is  not  necessary.  The 
furnace  Is  connected  In  series  with  a  rheostat  and  110  v.  DC. 

For  the  calibration  of  the  Wanner  or  Le  Chateller  pyrometer  it  is 
not  necessary,  as  will  be  shown  on  the  following  pages,  to  know  but  one 
black-body  temperature  so  that  as  a  working  standard  any  convenient 
luminous  object  such  as  a  frosted  globe  incandescent  lamp,  which  would 
give  a  uniformly  illuminatefl  area  of  about  1  sq.  cm.,  might  be  used  if  Its 
black-body  temperature  at  somo  particular  current  strength  were  accu- 
iMTcly  known.* 

For  pyrometers  like  the  IIo]ln>rn-Kurlbaum  (H.-K.),  however,  which 
can  only  be  calibrated  empirically,  it  is  ne<essary  to  have  a  black  body 
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whose  temperature  can  be  varied.  This  is  generally  done  by  means  of  an 
electric  furnace,  but  when  a  Wanner,  Le  Chatelier,  or  a  calibrated  II.-K. 
Is  at  hand  it  is  easiest  accomplished  by  direct  comparison. 

The  comparison  source  may  be  a  thin  platinum  strip,  heated  electric- 
ally or  a  wide  filament  incandescent  lamp.  The  H.-K.  may  l>e  sighted  on 
one  side  of  the  strip  and  the  calibrated  pyrometer  on  the  opposite  side. 
The  black  body  temperature  of  the  strip  can  be  determined  by  means  of  the 
calibrated  instrument  and  at  the  same  time  the  reading  of  the  II.-K.  com- 
parison lamp  can  be  taken. 

In  the  case  of  a  wide  filament  carljon  Incandescent  lamp  it  has  been 
shown  that  if  it  is  properly  aged  for  about  20  hours  at  1,760°  C.  it  will 
remain  sufficiently  permanent  for  a  secondary  standard  for  15  or  20  hours. 

If  a  lamp  is  calibrated  In  terms  of  black  body  temperature  and  current 
strength  by  means  of  a  pyrometer  it  may  be  used  as  a  standard  of  compari- 
son for  calibrating  pyrometers  just  iis  a  black  body  would  be  used. 

CALIHRATIOX. 

In  the  foreisWug  a  number  of  instruments  have  been  di^cribwl  for  tlie 
estimation  of  high  temperature,  each  class  utilizing  some  effect  of  temiwjra- 
ture  such  as  the  change  of  resistnnce,  development  of  small  electromotive 
force,  change  of  luminous  intensity,  etc.,  and  it  now  remains  to  indicate 
how  each  of  these  instruments  nuiy  be  calibrated  to  read  in  terms  of  tem- 
perature, °C. 

ElcMric-rc»isiaiwe  Pyrometer.  A  rt*slstance  pyrometer  may  be  cali- 
brate<l  by  comparison  with  a  calibrate*!  instrument  or  by  a  number  of 
known  temperatures  such  as  the  boiling  points  of  liciuids  or  fusion  points 
of  metals,  and  in  general  three  points  are  quite  sulficient  to  completely 
calibrate  the  jjyrometer,  but  no  simi)le  ecpnition  can  be  given  for  all  metals. 
For  platinum,  however,  the  case  is  somewhat  different,  as  an  extensive 
study  has  been  made  of  platinum  resistance  thermometry. 

Callender'  defined  platinum  temperature  Pt  as  follows: 

R— R. 

pt  =  100 

Rift) — Ro 

where  R  ~  the  observed  resistance    at  the  temperature  t. 

where  It  =-  the  observed  resistance  at  0°  C. 

where  R  ~  the  observed  resistance  at  100°  ('. 
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The  relatiou  between  platluuiii  teini»u*atiire  and  centigrade  temperature 
from--  KM)  to  l.lUO*'  C.  is  given  by  tbe  e<|uatiou 


pt  =  M 1  )  — 

Vioo      /  m 


100 

wliere  6  is  a  constant  depending  Upon  the  purity  of  the  platinum.  For 
pure  platinum  rJ  is  1.50  and  for  impure  it  is  somewhat  higher.  Such  a 
pyrometer  is  usually  calibrated  by  measuring  its  resistance  at  the  melting 
point  of  ice  (0**  C),  boiling  point  of  water  (100°  C),  and  some  other  tem- 
perature, such  as  the  boiling  jwint  of  sulphur  (444.7°  C). 

Temperatures  measurod  on  such  a  pyrometer  will  agree  with  the  tem- 
poraturee  measured  on  tlie  gas  scale  in  the  range  0  to  1,100°  C.  to  within 
tlie  degree  of  reproducibility  of  the  latter.'" 

Thermoelectric  Pyrometer. — It  has  been  sliown  by  a  number  of  experi- 
menters that  in  order  to  completely  calibrate  a  thermo-couple,  poiut  by 
lH)Int  comparison  is  unnecessary,  but  that  three  or  four  known  temperatures 
or  fixed  points  are  sufficient.  No  general  e<iuation  can  be  given  that  will 
accurately  fit  all  thermo  elements,  but  for  most  metnls,'iati  least  within  a 
limited  region,  the  relation  between  the  potential  dilTerence  in  millivolts 
and  the  temperature  in  degrees  centigrade  is  sufilciently  well  represented 
by  the  general  quadratic  iniuation 

e  =  a  +  bt  +  ct'  (3) 

where  a»  b  and  c  are  constants  that  can  be  determinetl  if  three  tempera- 
tures are  used.  It  can  easily  be  determined  by  experiment  how  well  this 
formula  will  hold  for  any  given  couple.  'I'hree  i>oints  should  be  chosen 
which  will  cover  the  region  for  which  the  couple  is  to  be  used,  and  a 
curve  drawn  through  these  [joints.  If  the  curve  is  nearly  a  straight  line 
it  can  be  represented  by  E3qua.  3. 

The  fixed  points  are  generally  the  ebullition  of  water,  analine,  naph- 
thaline, sulphur,  etc.,  or  the  freezing  of  such  metals  as  tin,  zinc,  antimony, 
copper,  silver,  gold,  etc.  The  former,  with  the  exception  of  sulphur,  are 
obtained  with  less  difficulty  than  the  latter,  but  are  of  value  only  for  low 
temperatures. 

For  a  copi>er-constantan  couple  the  most  convenient  fixed  points  are 
the  fusion  temperature  of  antimony  (G.30.T''  C),  zinc  (419.4**  C),  and  tin 
(231.9°  C),  and  for  a  platinum  couple  zinc,  antimony  and  copper 
(1,083°  C). 
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Radiation  Pyrometers. — Equn.  (1)  may  he  written  in  the  form 

1 
logxoJ  =  Ki-K,-,  (4) 

T 

where 

loge 


C,  for  a  black  body  temperature  equals  14,500  when   ?.  is  given  Ui  terms 
of//. 

Equa.  (4)  may  be  applied  to  any  pyrometer,  using  monochromatic 
light,  in  which  the  luminous  intensity  can  be  varied  in  a  continuous  and 
determinate  manner  as  in  the  Wanner  and  Le  Chatelier.  Either  of  the 
instruments  will,  therefore,  Indicate  temperature  indefinitely  high,  but  the 
limit  of  accuracy  is  reached  at  about  2,000**  C,  so  that  at  higher  tempera- 
tures the  incident  radiation  is  usually  cut  down  by  means  of  one  or  more 
absorption  glasses.  The  amount  by  which  it  is  cut  down  is  determined  as 
follows : 

Let  J'  equal' the  luminous  intensity  of  the  incident  radiation  and  Ji 
the  value  as  indicated  by  the  instrument  when  one  glass  Is  used,  then 

J'  =  JR. 
where  R  is  the  absorption  factor.    For  two  absorption  glasses 

J'=  (JR)  R  =  JR^ 

and  for  n  glasses 

J'  =  JR"  (5) 

also 

E  =  J7J.  (G) 

The  general  expression,  then,  for  the  relation  between  energy  and  abso- 
lute temperature,  is  from  (4) 

1 
log  J'  =  Ki  —  K,— . 

T 


From  (5) 


1 
log  J  -f  n  log  R  =  Ki  —  Ka  — 

T 


whence 


t  = 273,  (7) 

Ki  —  log  J  —  n  log  R 

where  t  is  temperature  in  degrees  C. 
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Equa.  (7)  is  a  general  equation  for  connecting  the  relation  between 
tiiiiponiturc  (  niul  luminous  intensity  J  and  can  Ik?  a|)|)liod  to  any  pyrom- 
eter in  which  J  can  be  determined  theoretically.  For  the  Wanner  pyroui- 
t^ter  J  =  tan*  0  where  0  is  the  angle  of  rotation  of  the  nicol  analyzer, 
and  for  the  Le  Chatelier  J  =  (1/d)*  where  d  is  the  length  of  one  side  of 
the  iris  diaphragm.  Ki,  K,  and  R  are  constants  and  can  all  be  determined 
without  reference  to  any  temperature  observation. 

Wanner  Pyrometer. — This  method  of  calibration  will  be  made  clear  by 
an  example.  For  a  particular  Wanner  pyrometer  the  value  of  A  was 
0.056//. 

Therefore 

14.500  X  0.4343 

K,= 

.656 

=  9,600. 
It  is  seen  from  (4)  that  if  Ki  were  known,  various  values  of  ^  might 
be  8ul)stituttHl  in  tiie  equation  and  the  corresponding  temperatures  calcu- 
lated.    Now  by  assuming  some  angle  of  rotation  0  for  some  particular 
temp<»rature  T,  as  in  the  above  case,  Ki  may  be  found.     For  example,  let 

T  =-  1273  and  ^  =  45°. 
Then  from  (4) 

1 
K»  =logtan^^  +  K, — 

T 

9,600 

-  0  + =  7.55. 

1,273 

For  ^       10,  and  n    -  0.  t  may  Ik*  calculated  from  (7), 

9,600 

t  = 273 

7.55  H-  1.61 

--  787*'  C. 

/.('  (luitcJirr  Pinowctrr. —  1  he  wave  icnirth  for  the  red  glass  used  on  a 

Le  Chatelier  pyrometer  was  found  to  be  0.640  fi  ,    The  constant  K  then 

becomes 

14,500  X  0.4343 

0.649 

=  9,700. 
Ilolh*trn  KurJhaum  I* urometer. — Such  an  instrument  must  l>e  calibrated 
empirically  and  the  calibration  will  be  different  for  every  lamp  used.    It 
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has  been  shown",  however,  that  the  relation  l)etween  temperature  and  cur- 
rent through  the  lamp  may  be  represented  by  the  general  quadratic  equa- 
tion 

I  =  a-t-bt  +  ct^ 
so  that  three  known  temperatures  are  sufficient  to  completely  calibrate  the 
instrument    Such  a  pyrometer  may  be  readily  calibrated,  without  the  use 
of  a  black  body,  by  means  of  a  standard  pyrometer  comparison  lamp  as 
explained  above.     If  such  a  lamp  is  not  properly  calibrated  in  terms  of 
temperature  and  current  its  black  body  temperature,   for  any  value  of 
current,  may  be  determined  by  means  of  another  calibrated  pyrometer.    A 
platinum  ribbon  may  be  used  in  the  same  way. 
Physica  Lahwaiorj/y 
Purdue  Unirermly. 
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Two  Pine  Gametophytes  in  One  Ovule. 


By  M.  S.  Mabkle. 


In  sectioning  some  pine  material  of  unlcnown  origin.  I  recently  found 
one  ovule  that  had  in  it  two  well-developed  gametophytes,  each  of  which 
had  developed  archegonia.  This  probably  means  that  two  megaspores  func- 
tioned instead  of  the  usual  one.  I  understand  that  the  abnormality  has 
iilso  l)een  noticed  by  Miss  Sargent.  The  two  gametophytes  occupied  the 
positions  shown  by  the  accompanying  sketch. 
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Indiana  Weeds — Theib  Control  and  Ehadication. 

Ity  <:.  M.  Prirb,  n.  S.  A.,  AHHistiint  Agrrkultiirnl  E\ten8ioii. 
Purdue  UulYerslty. 

The  subject  of  weeds  In  one  (n  which  the  people  of  Indiana  nre  tflklne 
iiHii'e  mill  more  Interwit  piich  yeiir.  The  rnrmerfi,  who  constEtute  n  Inrp- 
I<ef<entiiRO  of  the  popnliithm  of  the  Slate,  nre  much  concerned  about  tlie 
wvt^i  Kltniitioii  now  confronthiK  them.     Tlieif  nre  (-'owlnK  on  the  fnrnis 


4.    Common  or  DooryanlPUotsin. 

of  ltidlii|iii  Io<lay.  scores  of  Biieciea  of  weed  iiesta,  nnd  in  ninny  cjiscs  enor- 
mous nnnibcrH  of  eiicli  H|)ecie»(.  Thin  texnlts  In  smntJer  crops  and  smaller 
proflts.  Wwils  are  rot^HTs  in  a  wry  distinct  and  deflQltc  sense.  To  the 
citizens  of  oiii-  town  and  cities  they  are  nnslghlly  and  offensive,  dlsBsurinK 
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as  tliey  iln  liiwiisi.  pinli'iis,  slrocls  iiiiil  viuvuil  lots.  Tliorc  arc  Ik-Ii];;  ivivlveil 
at  lilt-  A|^-li'ii1luriil  l':x|N.'riui<!iit  Stiilkiu,  In  evi-r  iiii'teiislng  iiiiiubtrs, 
liiiitilrlex  ciimt'riilnf;  whMr  nt  the  rnrni.  Inwu  nnd  vnciint  lot.  their  lime  of 
Ili>\v«>rliie.  time  af  t«>(Hl[ii^.  iliHtrihutlon.  niethfid  or  methods  fit  propneiillon. 
Iinilirti-iiiy.  mefliiii  nf  (111111-1)1,  or  oriiilli'iitiiiii,  nnrt  slnilhir  c|iierips,  showltii! 


Don  Fmine 


tliiit  tlu'i-e  Is  a  gciieriil  ik'sice  iiiiil  <k-miiu<l  ou  the  iiiii't  of  mir  iH>o|ile  tor 
InroriiDitliiii  along  tills  Itne.  Tlie  fiilloniiiK  jinrnKrniilis  will  therofore  nt- 
tenipt  ti>  take  up  in  a  brief  iinil  (iiiiileiistMl  wity  8om«  of  the  ljii|Hirtnnt 
lihaees  of  tlie  wee<l  prohleiii  as  we  liiive  it  In  ludiuna  today. 
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now    WEEDS    SPUEAD. 

Nature  has  provided  In  an  interesting  and  wonderful  way  for  the 
reproduction  and  dissemination  of  plants.  A  large  number  of  common 
weeds,  such  as  the  dandelion,  sow  thistle,  wild  lettuce,  groundsels,  white- 
top,  ironweed,  boneset,  joe-pye  weed,  true  thistles,  produce  seeds  to  which 
are  attached  light,  fluffy,  parachute-like  structures  which  very  materially 
facilitate  their  disi>ei'sal  by  the  wind.    Other  weeds,  such  as  yarrow,  ox-eye 


Curled  or  Sour  Dock. 


daisy  and  curled  dock,  are  either  very  light,  or  have  light  membranous 
attachments.  There  is  a  group  of  weeds,  including  old  witch  grass,  Russian 
thistle,  tumbling  pigweed  and  others,  which  have  the  characteristic  of 
breaking  off  when  mature  at  or  near  the  surface  of  the  ground,  and, 
rolling  hither  and  thither,  far  and  wide,  over  the  fields,  discharge  thousands 
of  weed  seeds  as  they  go.  in  this  way  Inocul.^iting  our  fertile  soils  with 
crop-reducing  weed  pests. 

Another  agency  making  for  the  spread  of  weeds,  is  water.    The  seeds 
or  fruits  of  piany  plants,  especially  those  growing  in  or  near  water,  are 


fitted  for  (llRWinliintion  by  this  ]1k<'1k-.v.  SucIi  fruits  ure  tbose  of  tuirrow- 
leaved  dock,  stiuwiuK  ii  round,  ruuKli.  K|>un);y  i;ru(vtli  on  the  outside  of  ea<di 
of  the  clone  fittliiK,  i>erB]«teiit  bcphIr;  of  tlie  Ana-Gray  sedge,  with  Us  in- 
flated sack  adacbed  to  tli«  fruit :  of  the  arrowhead,  with  its  rorky  marelncd 
fruits  wblc-h  are  able  to  float  on  the  water. 


rk-SBMled  Plutaii 


The  seeds  or  fruits  of  inniiy  weeds  are  in  one  way  or  another  carried 
by  anlmala.  Tbiitt  when  nliglilty  moist,  (he  seeds  of  iteppergraxs,  ]>laititaln, 
grouudsel,  dro]iseo<l  grass,  and  miiny  otiiera,  are  sticky  and  will  adhere  to 
animals'  fe«»l  or  covering.  Snine  sedges,  chlckweeda  nnd  eatobflys  have 
sticky  glands,  by  means  of  whicli  they  cling  to  passing  objects.  Tlie  fruits 
of  the  atens.  and  tiie  burs  of  tiie  common  burdock,  are  armed  with  houks. 
and  the  fruits  of  tlie  btdens  or  beggnr's  ticks  with  spines,  by  meaus  of  which 
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they  cling  to  and  are  carried  about  attached  to  the  covering  of  animals 
or  tlie  clothing  of  human  beings.  Similarly  provided  for  are  hounds-tongue, 
stick- tights,  tick  trefoil,  bed-straw,  cocklebur,  sandbur,  motherwort  and 
many  others.  Further,  birds  and  animals  devour  very  large  numbers  of 
many  kinds  of  weed  seeds,  not  all  of  which  are  acted  on  by  digestive  juices 
to  such  an  extent  as  to  destroy  their  viability.  These  are  scattered  in  bird 
and  animal  excrement,  and  grow  into  new  and  vigorous  plants. 


1.  Buck  horn. 

2.  Black-seeded  Plantain. 

3.  Bract ed  Plantain, 


Noxious  weeds  are  spread  through  the  use  on  farms  of  manure  and 
Rweei)ings  from  stock  and  other  cars,  and  by  means  of  packing  about  mer- 
chandise and  nursery  stock.  The  moving  of  threshing  and  other  ma- 
chinery from  place  to  place  without  first  cleaning  them  out  thoroughly, 
the  use  on  farms  of  manure  from  livery  stables  in  towns  and  cities,  all 
help  to  spread  noxious  weeds.  Tlie  use  of  impure  and  adulterated  crop 
seed  on  our  farms  is  responsible  in  a  large  measure  for  the  spread  of  weeds. 
Much  of  the  clover,  alfalfa  and  grass  seed  used  in  Indiana  today  have 


mixed  with  them  (.■onsUleruble  giiniititleH  of  we«d  seed  und  other  im- 
piirltips.  which,  ttcattered  on  the  land,  nieuua  weedy  flelde  and  reducvd 
crops.    Many  lawns  nre  PsccsBlveiy  weedy  becanse  of  Impure  seed  s<.'attercd 


Indiana  Tarmei'M  iire  iDHlng  many  hundreds  of  tlioiisands  of  dollars 
each  year  heoaiise  of  the  weed  situaticin  exlRtlng  In  this  State.  A  oon- 
tlniums  nnd  strenumis  efTort  to  control  weeds  iiught  to  be  maile,  because — 
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i.    Cttlnunl. 

i.    Sighl  Flowacing  CiilcbB>'. 

1.  They  rob  cro|w  of  iiliint  fowl  and  molslnre.  Plants  fet-d  as  really 
iis  ill!  horses  or  tiitlle.  As  ai-owlnfx  cniiw  remove  iiliiut  totid  from  the  soil, 
the  fiirnier  must  coinit  on  the  ne<«islty  of  relumlns  an  amount  of  plant 
fixMl  to  the  soil  at  least  e(iual  to  tlmt  removed,  if  he  expeits  to  cwiitiuue 
to  grow  croiw  abundantly  and  profitably.  Weeds  require  a|)proxlmatdy  the 
fiame  kinds  of  plant  food  as  do  farm  crops,  and  they  require  theiij  In 
approximately  the  same  amounts.  <'rops  snffer  when  weeds  use  up  a 
large  shnre  of  plant  food.  To  pnt  this  plant  foisl  into  the  soil  the  farmer 
expended  money,  time  and  labor.  Further,  an  iiiVHimite  supply  of  moisture 
In  tl»p  soil  Is  indisjM-nsiible  for  the  Kiii'ccssfnl  growlpR  of  crops.    Weeds.  like 
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(ith*»r  plants,  are  constautly,  during  the  growinj;  season,  pumping  water 
from  the  earth.  Much  of  this  ultimately  goes  off  into  the  air,  and,  as  far 
as  crops  are  concerneil,  is  wasted.  For  the  formation  of  every  pound  of 
dry  matter  In  a  corn  crop,  there  are  re<iuired  IWJO  pounds  of  water.  Often- 
times crops  suffer  seriously  for  moisture  owing  to  the  presence  of  weeds, 
and  as  a  result  these  crops  are  much  reduced  in  quantity  and  value. 

2.  Weeds  choke  out  the  desired  crops.  No  field  can  produce  excellent 
crops  of  corn  or  wheat  and  a  heavy  growth  of  weeds  at  the  same  time. 
This,  in  agriculture,  Is  as  imi)osslhle  as  in  physics  it  is  impossible  for  two 
bodies  to  occupy  the  same  spnce  at  the  same  time.  When  a  heavy  growth 
of  weeds  is  present,  corn,  vogietablos  or  any  other  crop,  are  likely  to  be 
weak  and  spindling. 

3.  Weeds  furnish  a  refuge  and  shelter  for  the  protection  and  propa- 
gation of  insect  and  fungus  enemies  of  crops.  Fruit,  vegetables  and  field 
crops  have  very  many  more  su<'h  enemies  than  is  ordinarily  realized.    The 

keeping  down  of  weeds  and  the  ijemoval  6t  piowAig  under  of  refuse  mate- 

*.  ■•  -    ■ 

rial,  will  in  no  small  measure,  reduces  insect  juid  fungus  enemies  of  crops. 

4.  The  presence  of  weeds  Iii  considerable  quantity  makes  every  opera- 
tion on  the  farm — ^plowlug,  harrowing,  seeding,  cultivating,  harvesting, 
marketing,  etc.,  more  expensive.  Further,  on  a  farm  where  weeds  are  not 
intelligently  and  continuously  combate^l,  machinery  is  more  short-lived,  and 
repaii*s  are  needed  oftener. 

5.  Property  overrun  with  weeds  is  less  attractive,  and  will  not  sell 
as  high  as  proi>erty  giving  indication  of  thrift,  intelligence,  and  successful 
management.  Moreover,  weeds  are  an  offense  to  one's  lesthetic  taste, 
and  an  eyesore  to  all  passers-by. 

In  view  of  these  facts,  it  is  very  plain  that  \\ieeds  are  distinctly  robbers, 
and  should  be  controlled  and,  where  possible,  eradicated.  To  deal  effect- 
ively with  weeds.  It  Is  necessary  to  know  something  of  their  characteristics, 
their  life  history— are  they  annual  or  biennial  or  perennial?  How  do  they 
propagate?  When  do  they  flower?  When  do  they  s?eed?  Do  they  produce 
large  quantities  of  seed?  Does  this  seed  retain  Its  vitality  in  the  soil  for 
a  long  time  or  but  a  short  time?  To  facilitate  the  gaining  of  Information 
on  weeds  from  reading,  lectures  or  conversation  it  is  a  decided  advantage 
to  know  common  weeds  at  least  by  their  <*ommonly  accepted  names.  In 
these  later  days  It  is  not  difficult  to  obtain  a  working  knowledge  of  our 
Indiana  wee<ls.     Hooks  and  bulletins  covering  the  subject  are  available. 
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Tbe  Agricultural  Ex|>eriiuciit  Station  or  the  U.  S.  Ueinrtment  of  Agrl- 
culturt;  wlil  glnilly  fnrniHli  hiilletlns  nn  weeds  or  wwA  seedtt,  or  iianie 
fipecimeua  of  weeds  or  Bcecla  sent  in. 

It  Is  not  possible  in  this  brief  nrtlcle  to  tnke  uii  n  conaldcrallon  of  a 


large  niiinhpr  of  Individual  weeds.  It  must  of  nei-essity  salfiee  to  cousider 
the  larger  groups  into  which  nil  our  woihIs  full — nnnuals,  biennials  and  per- 
ennials. Annuals  are  tbnse  which  grow  from  seed,  and  In  turn  produce 
flowers  and  seed,  all  wltbin  tbe  one  i;rowing  season.  Tbey  are,  as  a  rule, 
fibrous  rooted  and  pmpngiiEe  by  seed  only.    Many  of  theui  prodnce  seed  in 
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great  abundance.  The  seeds  of  some  annuals  when  buried  in  the  soil  retain 
their  vitality  for  long  periods.  Mustard  seed,  for  instance,  has  been  known 
to  lie  in  the  soil  for  a  quarter  of  a  century  and  then  when  placed  in  a 
favorable  environment,  grow  into  vigorous  plants.  In  this  class  we  have 
such  common  weeds  as  dodder,  foxtail,  smart\\eed,  Russian  thistle,  crab- 
grass,  pigweed,  lamb*8  quarters,  dog  fennel,  barnyard  grass,  tickle  grass, 
bracted  plantain,  ragweed,  corn  cockle,  night-flowering  catchfly,  mustard 
and  whitetop. 


Buckhorn. 


Biennials  are  those  plants  which  spring  from  seed  and  produce  only  a 
cluster  of  leaves  the  first  season.  In  these  leaves  are  manufactured  and 
stored  large  amounts  of  plant  food  for  use  during  the  second  season  of 
growth.  During  the  so<?ond  season,  a  flower  stalk  is  sent  up  and  many 
seeds  formed,  after  which  the  plant  dies.  This  group  depends  on  seed  for 
propagation.  Here  belong  wild  carrot,  wild  sweet  clover,  burdock  and  com- 
mon evening  primrose. 
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Perennials  are  those  which  live  on  indefinitely  year  after  year,  repro- 
ducing from  seed,  or,  in  addition,  from  buds  near  the  crown  of  the  plant, 
as  in  buckhorn,  or  from  buds  here  and  there  along  running  underground 
parts  as  In  Canada  thistle.    Many  perennials  are  persistent  and  particularly 


Twitch  or  Couch  Grass. 


noxious.  Here  belong  horse  nettle  or  sand  brier,  twitch  or  couch  grass, 
sour  dock,  sheep  sorrel,  field  bindweetl  or  wild  morning  glory,  ox-eye 
daisy,  yarrow,  wild  barley,  black-seeded  plantain  and  others.  Farmers  and 
other  property  owners  are  urged  to  acquaint  themselves  with  the  commoii 
weeds,  their  names  and  characteristics,  for  on  tliese  latter  in  a  large  meas- 
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lire  are  based  methods  of  control  or  eradication:    Tlie  following  suggestions 
in  regard  to  weed  control  apply  to  all  classes  of  weeds: 

1.  Buy  seed  which  is  the  purest  obtainable  and  of  strong  vitality. 

2.  Before  buying,  test  a  sample  of  it,  or  send  a  sample  to  the  Branch 
Seed  Laboratory,  Experiment  Station,  Lafayette,  to  be  tested  for  purity 
and  germination.  In  this  way  only  can  any  one  learn  the  character  of  seed 
he  proposes  using,  in  regard  to  freedom  from  weed  seed  a6d  in  regard  to 
viability. 

3.  As  far  as  possible,  prevent  weeds  about  the  farm  from  seeding. 
Pulling,  the  use  of  the  scythe  along  ditches,  roads,  lanes  and  fences  and 
about  the  yards  and  buildings  and  in  the  wood  lot,  as  well  as  the  use  of  the 
mowing  machine  where  possible,  will  accomplish  this  in  a  large  measure. 

4.  Thoroughly  and  repeatedly  cultivate  corn  crops  so  as  to  keep  weeds 
down. 

5.  Breaking  weed-infested  ground  in  the  fall  and  harrowing  at  short 
intervals  and  repeating  the  harrowing  in  spring  to  encourage  weed  seed 
lying  in  the  soil  to  germinate  and  to  destroy  the  seedlings,  is  to  be  recom- 
mended. 

For  biennials  repeate<l  cuttings  during  the  second  season  of  growth, 
pulling  or  spudding  where  only  a  few  plants  are  in  evidence,  together  with 
the  introduction  of  a  hoed  crop  (com  or  potatoes,  say),  are  effective. 

Perennials  will  need  more  extensive  treatment  than  is  indicated  above. 
A  treatment  such  as  the  following  is  suggested : 

Plow  in  the  fall  and  follow  with  frequent  harrowings  both,  in  the  fall 
and  in  the  spring.  About  the  end  of  May  sow  with  rape  in  drills,  or  broad- 
cast millet,  cowpeas  or  Canada  field  peas  and  oats.  When  well  advanced, 
use  these  crops  for  pasture,  or  feed  in  the  yard  to  supplement  other  pasture 
crops.  Animals,  especially  hogs  and  sheep,  are  very  useful  in  destroying 
weeds  on  the  farm.  Plan  to  use  them  as  extensively  as  possible.  Follow 
the  smoother  crop  (rape,  millet,  etc.)  with  wheat  seeded  heavily  with  clo- 
ver. When  wheat  is  off  let  a  crop  of  clover  grow  up.  Pasture  this  or 
plow  it  under.  Follow  this  with  a  well-cared-for  corn  crop.  This  method 
is  in  addition  to  general  suggestions  given  previously.  Eternal  vigilance, 
care  and  persistence  is  the  price  of  a  clean  farm.  That  a  clean  farm,  indi- 
cating thrift,  intelligence  and  taste,  is  more  attractive,  satisfying  jind 
profitable  than  a  weedy,  carelessly  oi)erated  one,  there  can  be  no  question. 

In  cities  and  towns  the  least  that  can  be  done  is  to  frequently  cut  weeds 
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with  the  scj'tht*  or  otlu^r  tools,  so  that  they  can  not  form  seed  Street  com- 
missioners and  other  citizens  possessed  of  a  goodiy  amount  of  energy  and 
civic  pride  can  do  much  to  create  and  maintain  a  "city  beautiful"  so  far 
as  neatness  of  streets,  lanes,  vacant  lots,  etc.,  are  concerned.  In  connection 
with  lawns,  mention  might  here  be  made  that  it  has  recently  been  learned 
by  exi>eriment  stations,  that  the  use  of  iron  sulphate  on  lawns  and  wee<ly 
areas  is  protttable,  practicable,  effective  and  cheap,  if  rightly  applied.  By 
It  dandelions,  plantain  and  other  weeds  can  be  controlled.  It  is  coming 
into  extensive  use  on  farms  in  some  parts  of  the  United  States.  Suitable 
machinery  is  made  for  tlie  application  of  iron  sulphate  either  on  a  large 
or  a  small  scale,  'llie  treatment  of  the  subject  of  the  use  of  iron  sulphate 
can  not  be  taken  up  In  detail. hens  l>"t  the  writer  will  be  glad  to  furnish 
any  lnformati<m  desired  on  the  subject  at  any  time. 
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Thk  PREGLAciAii  Valleys  of  the  Uppeb  Mississippi  and  its 

Eastern  Tributaries. 


Harry  M,  CLfcw. 


So  far  as  the  writer  Is  aware,  there  has  been  no  attempt  to  compile 
a  map  showing  the  results  of  researches  ui)on  the  preglaclal  drainage  of 
the  region  indicated  in  the  title.  The  following  pai)er  addresses  itself  to 
that  task,  together  with  a  brief  discussion  of  the  reason  for  believing  that 
certain  streams  shown  on  the  map  were  preglaclal.  Only  the  briefest  out- 
line can  be  given  in  this  short  discussion,  which  merely  undertakes  to 
pioneer  the  large  field  lying  before  It. 

The  attempt  has  been  made  to  map  accurately  the  preglaclal  channels 
of  the  area  In  question,  but  this  may  not  always  have  been  attained,  for 
several  reasons.  The  literature  Is  not  adequate  In  all  the  fields  of  the  area, 
and  often  the  statements  made  are  not  so  clear  as  might  be  desired.  The 
word  "probable"  Is  very  frequently  used  and  renders  mapping  difficult. 
If  not  Impossible.  Occasionally,  authors  differ,  and  In  such  cases  the  one 
which  seemed  to  be  the  better  authority  is  followed,  and  the  dissenting 
theory  mentioned  In  the  text.  No  attempt  has  been  made  to  give  a  critical 
discussion  of  the  different  theories.  Any  reader  who  may  desire  more 
detailed  information  than  this  paper  furnishes  can  find  all  that  is  of  im- 
ixntano?  in  the  accompanying  bibliography,^  or  he  may  look  there  for  cor- 
rection or  verification  of  any  points  in  the  discussion  with  which  he  may 
disagree. 

The  greater  portion  of  the  region  covered  in  this  paper  is  so  deeply 
burled  in  drift  that  only  the  major  details  of  the  ancient  preglaclal  topog- 
raphy are  apparent.  The  multiplicity  of  minor  topographic  details  that 
give  final  expression  to  the  landscaiie  are  so  completely  burled  from  sight 
that  It  may  never  be  known  how  the  ancient  surface  appeared  before  the 
advent  of  the  glacier.  Only  by  a  multiplicity  of  borings  could  a  general 
idea  of  the  details  of  that  buried  topography  be  obtained,  and  that  Is  Im- 
possible except  where  some  deep-seated  natural  resource  Induces  men  to 
sink  deep  wells.    Thus  innumerable  small  valleys  have  been  obliterated  and 

'Not  published  here. 
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lost  to  history.  The  hirger  vjillcys  generally  reiuuiu  feiiUiciently  unobscured 
to  euable  geologists  to  tmce  their  courses,  either  eoutinuously  or  at  inter- 
vals close  enough  together  to  enable  a  safe  inference  to  be  made  concerning 
their  previous  courses.  The  larger  the  valley  the  better  chance  it  had  in 
general  to  leave  behind  itself  traces  of  its  former  course,  for,  occupying  the 
lowest  part  of  the  surface  and  carrying  great  quantities  of  water,  it  was 
automatically  Ivcpt  open  by  drainage  from  the  melting  ice.  Yet  even  the 
largest  river  trenches  were  in  imminent  danger  of  defacement.  Such  an 
instance  is  found  in  Jay  and  Adams  counties,  Indiana,  where  there  are 
signs  of  a  huge  valley  whose  bottom  is  buried  beneath  nearly  400  feet  of 
drift  and  no  traces  left  of  its  existence  on  the  sui*face.  Another  case  is 
that  of  the  preglacial  Mississippi  where  it  turns  soutiieastward  to  tlie 
Illinois  valley  just  below  Clinton,  Iowa. 

The  map  shows  large  hiatuses  wherein  there  are  no  preglacial  streams 
indicated,  but  they  certainly  exist  buried  in  several  hundred  feet  of  drift- 
West  and  south  of  the  basin  of  Lake  Michigan  and  between  that  basin  and 
the  Lake  Erie  depression  in  northern  Indiana  and  Michigan  no  details  are 
shown,  and  only  a  few  larger  courses  suggest  probabilities  of  preglacial 
existence.  The  depth  of  the  drift  and  the  absence  of  deep-seated  natural 
resources  do  not  encourage  the  digging  of  a  sufficiently  large  nural)er  of 
deep  wells  to  permit  the  construction  of  a  topographic  map  of  the  preglacial 
surface.  Enough,  however,  is  known  to  assure  us  that  the  ancient  drainage 
lines  were  quite  different  in  many  details  from  the  present  systems. 

Without  further  preliminaries  we  shall  discuss  the  pros  and  cons  re- 
garding the  claims  of  the  streams  shown  on  the  maps  to  a  preglacial  an- 
cestry. For  the  sake  of  convenience  of  treatment,  the  area  is  divided 
according  to  the  sevei*al  smaller  drainage  basins  which  make  up  tlie 
greater  Mississippi  basin.  This  will  be  found  convenient  because  there 
are  wide  elements  of  correspondence  between  the  present  and  the  pre- 
glacial drainage  basins,  as  a  glance  at  the  generalized  map  will  show.  Tlie 
basin  of  the  Great  I^kes,  which  seems  to  cut  out  a  portion  of  the  Mis- 
sissippi basin,  and  which  is  separated  by  a  very  low  primary  divide,  over 
which  tlie  lakes  drained  in  the  Ice  Age.  is  discussed  briefly. 

THE     PREGLACIAL     DRAINAGE     OF     THE     UPPER     MISSISSIPPI 

BASIN. 

The  preglacial  divide  of  the  nortliern  side  of  the  Upper  Mississippi 
basin  is  not  definitely  determined.     It  can  be  pretty  definitely  located  at 
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Huron,  N.  D.,  where  there  is  u  col  and  a  tonstrictiou  In  the  James  river, 
a  preglacial  divide,  over  which  the  reversed  headwaters  of  that  stream  now 
nm  southward.  From  Huron  eastward  its  location  is  a  matter  of  specula- 
tion backed  up  with  slender  evidence.  From  here  it  may  have  turned  south 
across  the  present  Mississippi  valley  somewhere  near  "military  ridge,"  as 
Hershey  (46)  would  have  it,  and  then  eastward,  or  it  may  have  turned 
north  some  distance  east  of  Huron  along  the  east  edge  of  the  basin  of  the 
Red  river,  but  this  will  be  discussed  more  fully  later.  "Between  the  Rock 
river  drainage  line  and  Lake  Michigan  there  is  a  somewhat  less  elevated 
belt  of  limestone,  which  extends  curvingly  in  a  direction  east  of  south 
into  western  Indiana."  (Leverett,  64:16.)  Somewhere  in  eastern  Illinois 
or  western  Indiana  a  spur  ran  south,  probably  near  the  present  divide  be- 
tween the  Wabash  and  Illinois  system  separating  the  preglacial  as  well  as 
the* present  basins.  The  location  of  the  divide  north  through  Wisconsin  is 
n4>t  well  known,  Imt  there  is  no  doubt  that  it  was  east  of  the  present  "drift- 
less  area." 

Even  if  it  were  possible  and  profitable,  space  does  not  admit  of  a  de- 
tailed discussion  of  secondary  divides,  which  can  generally  be  Inferred 
from  the  location  of  the  preglacial  valleys.  After  calling  attention  to  the 
fact  that  the  present  Mississippi  river  has  evidently  a  system  of  drainage 
wtdely  different  from  the  system  or  systems  which  were  operative  in  pre- 
giaeial  times  within  the  region  now  drained  by  it,  Leverett  says :  "Besides 
o|)«ning  a  new  channel  at  each  of  the  rapids,  the  stream  apparently  Is  occu- 
pying sections  of  two  or  more  Independent  preglacial  valleys."     (64:4(U.) 

As  to  the  course  of  the  Mississippi  above  St.  Paul,  Chamberlain  sug- 
gested, in  18T0,  that  it  is  post-glaciat  (19:253),  but  that  it  probably  follows 
the  preglacial  channel  in  short  stretches.  Hershey,  in  1897,  agrees  with  the 
suggestion. 

Hershey  has  the  following  to  say  concerning  the  preglacial  valley 
above  St.  Paul :  "The  high  upland  area  which  trends  north  and  south  on 
its  eastern  side  at  some  distance  from  its  immediate  border,  continues 
without  a  change  for  many  miles  to  the  north,  passing  to  the  east  of 
I>ake  Phalen.  Although  deeply  covered  with  drift,  it  is  undoubtedly  based 
on  an  upland  area  of  rock.  To  the  west  of  it,  and  in  the  direct  line  of  con- 
tinuation of  the  old  Mississippi  valley,  there  is  a  topographical  depression 
which  trentLs  for  many  miles  to  tlie  northwest.  It  is  occupied  In  places  by 
lakes,  the  most  important  of  which  is  lake  Phalen.    This,  in  my  opinion, 

[22—26988] 
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will  probably  be  found  to  l)e  the  ancient  course  of  tlie  Mississippi  river. 
That  it  is  the  position  of  a  preglacial  valley  is  indicated  by  a  deep  well 
at  the  St.  Paul  Harvester  Works,  situated  in  the  present  toiK>graphical  de- 
pression, which  penetrated  rock  at  235  feet  beneath  the  surface  or  628  feet 
above  the  sea,  which  is  55  feet  beneath  the  present  low-water  level  of  the 
Mississippi  river  at  St.  Paul.  The  lake  Phalen  depression  is  separated 
from  the  head  of  the  Mississippi  cafion  valley  by  a  moraine  which  is  evi- 
dently based  on  a  comparatively  low  surface,  for  it  does  not  rise  nearly  as 
high  as  the  drift  to  the  east  or  west.  As  seen  from  the  opposite  side  of 
the  valley,  its  escarpment  or  bluff  at  the  head  of  the  old  cafion  valley  shows 
such  topography  as  is  usually  produced  by  the  erosion  of  drift.  In  short, 
all  the  evidence  favors  this  lake  Phalen  depression  as  the  position  of  the 
pre-glacial  continuation  of  the  Mississippi  canon  valley.'*     (4(5:  263.) 

From  the  southeastern  corner  of  St  Paul  to  Leclair,  Hershey  believes 
with  other  geologists  that  the  valley  is  pre-glacial.  In  the  vicinity  of  Du- 
buque, however,  he  thinks  that  the  valley  is  proportionately  too  small  for 
the  stream  which  it  carries,  that  the  preglacial  f\tream  flowing  past  Du- 
buque could  not  have  been  larger  than  the  present  Rock  river,  or  possibly 
no  larger  than  the  Pecatonica.  The  valley  is  cafion  shaped  and  narrow  and 
the  rock  floor  is  about  300  feet  below  a  deep  filling  of  drift.  The  divide 
is  suggested  to  be  somewhere  between  I>a  Crosse  and  Prairie  du  Chieii,  par- 
ticularly where  "military  ridge"  Is  traversed  by  the  present  river. 
(46:266.) 

Hershey  believes  that  the  stream  north  of  this  sui)posed  divide  flowed 
toward  central  Minnesota  instead  of  away  from  it,  but  that  the  reversal 
came  early,  before  the  Ice  Age,  probably  at  the  end  of  the  Ozarkian,  by  an 
uplift  in  the  north,  or,  as  an  alternative  view,  it  may  have  "resulted  from 
the  disturbance  of  other  drainage  systems  by  the  accumulating  northern 
Ice.  For  instance,  it  Is  quite  possible  that  the  Kansan  ice-sheet  had  ad- 
vanced across  the  outlet  of  the  supposed  northwardly  flowing  ancestor  of 
the  upper  Mississippi  river,  obstructing  Its  flowage,  and  after  the  produc- 
tion of  a  great  extra-glacial  lake,  turning  the  drainage  of  the  entire  region 
over  the  lowest  jwilnt  on  the  divide  which  intervened  between  It  and  the 
headwaters  of  the  southwardly  flowing  central  Mississippi  river,  long  before 
it  glaciated  the  country  soutli  of  the  'driftless  area.'"     (46:267.) 
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r^verett  accepts  this  hji>othes!s,  or  at  least  he  quotes  it  and  offers 
no  ohjections.     (64:461-2.)* 

The  question  of  the  preglacial  course  l>elow  Clinton,  Iowa,  Is  not  yet 
fully  settled.  Leverett  discusses  the  problem  fully  in  his  writings  (58,  60, 
(>2,  63,  64),  and  lately  Carmen  has  spent  some  time  in  the  Clinton  region, 
but  his  paper  Is  not  yet  published  (16).  The  number  of  wide  channels  be- 
tween Clinton  and  Muscatine,  and  the  depth  of  drift  renders  the  problem 
very  complex. 

A  quotation  from  Leverett  (Monograph  38,  pp.  466-7,)  will  give  a 
fair  idea  of  the  location  of  the  preglacial  course  below  Clinton :  "Udden's 
special  investigation  has  led  him  to  the  conclusion  that  the  praeglaclal  line 
must  have  been  along  one  of  two  courses,  either  southeastward  through  the 
Meredosia  slough  and  Green  river  basin  to  the  Illinois  at  the  bend  near 
Hennepin,  or  directly  westward  through  the  Wapsipinnicon  basin  to  the 
mouth  of  Mud  creek,  and  thence  south  west  ward  along  the  Mud  creek  sag 
to  the  Cedar;  thence  the  course  may  have  been  by  way  of  the  present 
(*edar  and  lower  Iowa,  or  more  directly  southward  to  the  Mississippi  just 
\\Test  of  the  meridian  of  Muscatine.  Udden  has  coilectetl  well  data  along 
the  Mud  creek  sag  showing  that  a  burietl  channel  occurs  there  whose  rock 
floor  is  more  than  100  feet  below  the  level  of  the  Mississippi  river  at  (Clin- 
ton, and  perhaps  sufficiently  low  to  have  carried  the  drainage  of  the  pre- 
glacial stream  whose  valley  has  been  traced  southward  to  Clinton.  The 
data  are  scarcely  sufficient  to  fully  establish  the  connection  of  this  channel 
across  the  Wapsipinnicon  basin,  for  there  are  very  few  deep  wells  in  the 
basin.  Another  feature  which  throws  some  doubt  upon  this  connection  is 
the  narrowness  of  the  deep  porti<m  of  the  channel  along  the  Mud  crecK 
sag. 

"Turning  to  the  southeastward  course,  one  finds  a  broad  depression  or 
lowland  tract  leading  from  Clinton  through  to  the  Illinois  river.  This  low- 
land, except  at  the  outer  moraine  of  the  Wisconsin  drift  In  Bureau 
County,  stands  only  a  few  feet  above  the  level  of  the  Mississippi,  and  yet 
apparently  carries  a  heavy  accumulation  of  drift.  The  drift  is  largely 
sand  and  there  has  been  no  necessity  for  sinking  wells  entirely  through  It. 


'  It  may  be  woll  to  say  here  that  such  conatrlctlons  In  the  valley  of  the  Mis- 
sissippi oocur  wh«»rever  the  river  cro«<s?s  rosIstlnK  strata  of  rock,  such  as  the  Lower 
MagDesIan.  and  the  CJalena.  Trenton  and  Niagara  limestones,  and  it  may  be  possible 
that  the  river  has  always  been  running  south,  lielnj;  unable  lo  cut  Its  valley  so  wide 
In  the  more  resistant  beds.     Hershey's  theory  Is  interesting  but  not  well  established. 
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They  have,  however,  peiiotrattMi  40  to  50  fe«»t  without  striking  ro(*lv.  The 
l)ed  rocli  jp-a dually  des«»nd8  from  each  side  toward  the  middle  of  the  low- 
land, and  some  of  the  crei»k8  coming  into  the  lowland  otH'upy  large  and 
deep  channels  which  have  been  only  partially  fillet!  with  drift.  This  rather 
throws  the  balance  of  evidence  in  favor  of  the  view  that  the  preglacial 
stream  flowed  sou tlieast ward  into  the  Illinois. 

"It  should  be  observed  that  in  case  the  soulhwestward  route  proves  to 
have  been  the  course  of  the  Mississippi,  the  present  line  of  the  stream  de- 
parts from  it  only  a  few  miles  and  enters  the  same  oid  valley  l>elow  Mus- 
catine, which  it  occupies  above  Clinton.  But  in  case  the  southeastward 
route  proves  to  have  been  the  preglacial  course  from  Clinton,  the  pre- 
glacial valley  above  Clinton  finds  its  continuation  down  the  Illinois  in- 
stead of  down  the  Mississippi,  and  the  present  Mississippi  passes  from  one 
drainage  system  to  another  in  its  course  between  Clinton  and  Muscatine." 

Carmon  gives  many  more  interesting  details,  but  he  concludes  with 
I^verett  and  I'dden :  **It  is  quite  possible  that  in  one  or  the  other  of  these 
courses  the  preglacial  Mississippi  flowed.  Both  appear  to  have  rock  floors 
to  carry  the  waters  of  the  streams  which  excavated  the  Mississippi  valley 
above  Clinton,  but  the  data  are  not  complete  enough  to  allow  us  to  decide 
whjch  of  these  two  courses  was  the  real  one"  (10).  Carmen  gives  an 
interesting  discussion  of  the  changes  produced  by  each  ice  invasion  upon 
the  Mississippi  and  a  reading  of  this  will  help  detract  from  the  complexity 
of  the  situation  in  this  region. 

From  Muscatine  southward  the  Mississippi  is  flowing  in  a  broad  pre- 
glacial channel  excx?pt  for  a  few  miles  above  Keokuk,  Iowa,  where  it  is 
flowing  in  a  post-glacial  gorge  known  as  the  Lower  Rapids  (03).  The  old 
drift-filled  valley  which  has  been  studied  by  C.  H.  Gordon  (41),  is  aboat 
twice  as  wide  and  100  feet  deeper  than  the  present  valley,  and  lies  to  the 
westward  in  Lee  county,  Iowa'  (Fig.  1).  Below  Keokuk  the  Mississippi 
follows  the  preglacial  channel. 

Not  much  si)ace  can  be  devoted  to  a  discussion  of  the  tributaries  be- 
cause the  map  shows  the  ones  that  can  be  mapi>ed  with  any  certainty,  and 
•    the  reference  in  regard  to  each  one  are  full. 

Regarding  the  preglacial  history  of  the  Minnesota  valley,  Upham  says 
(131)  :     "There  is  evidence     ....     In  the  terraces  of  modified  drift 


*  Leverett  also  rIvos  a  map   and  cross  sections  of  this  channel.     See  bib.   62, 
63,  64  ;  also  J.  E.  Todd,  114. 
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aloiip  the  Minnesota  valley,  tliat  in  lartre  i>art  its  erosion  was  effected  in 
preglacial  time  and  during  stages  of  retreat  and  readvance  of  the  ice-sheet 
previous  to  the  final  departure."  In  an  earlier  article  he  says  that  the 
valley  was  eroded  in  the  Lower  Magnesiau  and  Calciferous  formations, 
before  the  Cretaceous  subsidence,  was  re-elevated,  and,  in  the  first  prin- 
cipal epoch  of  glaciation,  covered  with  a  "thlclc,  unbroken,  moderately 
undulating  expanse  of  till*'  and  partly  re-excavated  by  an  interglacial 
stream  which,  guided  by  the  slope  determined  by  preglacial  erosion,  coin- 
cides along  much  of  its  way  with  the  old  valley  eroded  in  thes-ie  strata 
before  the  Ice  Age  (119:109). 

The  St.  Croix  river  has  been  discussed  by  Berkey,  R.  T.  Chamberlin 
(18),  Elftman  (30),  and  Tpham  (121,  132)  and  others.  Chamberlin  thinks 
the  preglacial  course  from  the  Dalles  of  the  St.  Croix  was  east  to  the  pre- 
glacial Apple  river ;  while  the  other  writei-s  would  have  it  to  the  westward. 
The  streams  of  the  driftless  area  in  Wisconsin,  Minnesota,  Iowa  and 
Illinois  are  preglacial  (20,  45-47,  64). 

The  Wisconsin  river  is  in  the  preglacial  channel  below  Prairie  du  Sac. 
Below  Kilbourn  City,  according  to  Salisbury  and  Atwood  (89),  the  pre- 
glacial course  is  east  of  the  present  stream,  through  the  Lower  Baraboo 
Narrows,  and  the  Devils  Lake  Gap  of  the  quartzite  ridges  on  either  side 
of  Baraboo,  Wisconsin.  According  to  Fenneman  (33),  a  preglacial  tribu- 
tary of  the  Wisconsin  passed  northwest  through  Kegonsa  and  Mendota 
lakes.  Fenneman  finds  sections  of  preglacial  channels  marked  out  by  the 
lake  basins  in  southeastern  Wisconsin,  as  shown  on  the  map. 

In  Illinois,  outside  of  the  thick  Wisconsin  drift  which  ol>scures  the 
preglacial  valleys  of  the  northeastern  part  of  the  State,  the  preglacial  val- 
leys can  be  fairly  easilj^  traced.  Outside  of  the  triangular  area  whose 
vertices  are  at  CUnton,  Hennepin  and  Rockford,  the  directions  of  the  pres- 
ent and  the  preglacial  drainage  systems  are  coincident.  In  this  triangular 
area,  the  changes  have  been  considerable  (62,  64).  The  preglacial  valley 
of  Rock  river  from  Janes vi He,  Wisconsin,  to  the  edge  of  the  Wisconsin 
drift  southward  is  easily  traced,  but  beyond  that  the  drift  rises  100  feet 
above  the  preglacial  bluffs  and  its  course  can  be  traced  only  by  borings. 
Its  bed  is  found  to  be  a  little  lower  than  that  of  the  Mississippi  to  the  west, 
descending  210  feet  In  a  distance  of  100  miles  south  from  the  Wisconsin 
border.  It  probably  was  tributary  of  the  preglacial  Mississippi  If  that 
river  joined  the  present  Illinois. 
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Chamberlin  (19).  T'pham  (125,  128),  and  Spencer  (94)  have  postulated 
a  preglacial  outU>t  of  Lake  Michigan  through  Illinois  to  the  Mississippi,  but 
no  such  channel  has  been  found.  Cache  basin  in  southern  Illinois  is  inter- 
esting, because  it  may  bo  a  portion  of  the  preglacial  Ohio,  as  deposits  of 
clay  indicate,  but  why  or  when  it  was  abandoned  is  not  known  (64). 

A  glance  at  the  map  of  Iowa  shows  a  correspondence  in  location  and 
direction  between  the  preglacial  and  the  modem  drainage  lines.  The 
geological  survey  of  the  State  of  Iowa  is  not  yet  completed.  The  breaks 
in  the  preglacial  valleys  on  the  map  indicate  either  that  the  river  Is  not 
running  in  a  preglacial  channel  or  that  It  has  not  been  studied.  Space 
will  not  permit  a  detailed  statement  as  to  which  of  these  two  facts  is 
Indicated,  but  a  study  of  the  references  will  make  it  clear.*  In  the  eastern 
part  of  the  State  the  preglacial  drainage  has  been  obscured  by  drift  and 
the  flow  of  the  temporary  Interglaclal  Mississippi  across  them,  while  in 
the  northwest  the  drift  alone  has  defaced  the  ancient  valleys. 

In  Missouri  but  little  study  has  been  devoted  to  the  preglacial  condi- 
tions of  tlie  State.  J.  E.  Todd  (111)  has  given  \he{  following  summary  of 
the  preglacial  drainage  in  the  Mi8.sourl  Geological  Survey:  **The  Kansas 
River  may  have  flowed  at  a  higher  level,  which  Is  Indicated  by  the  Weston 
rapids,  and  it  may  be  guessed  that  its  course  was  eastward  as  far  an 
Charlton  County,  then  i)ossibly  northward  by  the  buried  channel  foimd  In 
Linn  County  and  Putnam  County,  although  that  channel  may  not  be  deei> 
enough.  All  that  is  now  known  is  that  there  were  deeper  channels  In 
lowfl  whose  beds  are  lower  than  the  bottom  of  the  present  channel  of  the 
Missouri  river  near  New  Frankfort.  Reference  Is  made  to  the  Washing- 
ton channel  discovered  by  Calvin,  and  further  discussed  by  Bain.  The  La 
Mine  and  Its  tributaries  may  have  flowed  north  and  joined  it.  The  Osage 
and  Gasconade  may  have  similarly  gone  northeast  into  the  valley  of  the 
Illinois,  the  former  by  way  of  the  valley  of  the  Auxvasse  or  Big  Muddy 
to  the  valley  of  the  Salt  River  and  northeast,  imssing  somewhere  near 
Qulncy,  the  latter  by  the  lower  (H)urse  of  the  Missouri.  It  may  be  consid- 
ered more  likely  by  some  that  the  Kansas  river  passed  Moberly  and  joined 
the  Osage,  or  that  all  these  streams  may  have  had  nearly  their  present 
courses  to  the  present  junction  of  the  Osage  and  Missouri*." 


"See  bibliography,  7,  12,  1,'),  41,  71,  81.  90,  103,  118,  1.^0. 

*  For  ivfcroDces  on  the  tributaries  of  the  Mississippi  see:     1,  2,  3.  7,  8.  14,  15. 
16.  25.  30,  33,  41,  44,  45,  40,  57,  58.  02,  04.  08.  70,  71.  81,  90,  103,  118,  146. 
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THE  PREGLAOrAL  DRAINAGE  OF  THE  BASIN  OF  THE   WABASH 

AND  LOWER  OHIO. 

About  one-half  of  the  drainage  basin  of  the  Wabash  river  is  so  deeply 
burled  under  glaciai  deposits  that  there  is  very  little  similarity  between  the 
modem  watershed  and  the  watershed  of  the  preglaeial  streams  that  dis- 
charged through  tiie  lower  course  of  the  Wabash.  Tlie  preglaeial  rock  sur- 
face was  probably  very  rough,  for  the  drift  varies  within  short  distances 
from  a  few  feet  to  over  200  feet  in  depth. 

The  Wabash  river  at  Lafayette  is  flowing  in  its  original  channel. 
Below  I^fayette  the  preglaeial  channel  runs  westward  and  then  southward, 
meeting  tlie  present  Wabash  at  Covington.  Below  Covington  the  present 
river  follows  the  ancient  channel.  Nothing  Is  known  of  the  upper  portion 
of  the  preglaeial  Wabash  above  Lafayette.  A  study  of  the  drift  co\'ered 
rocks  reveals  a  divide  extending  south  along  the  west  side  of  Lake  Mich- 
igan, and  curving  to  the  east  into  Indiana.  It  is  from  100  to  200  feet  above 
Lake  Michigan  and  Is  deeply  sculptured  by  preglaeial  streams  and  thor- 
oughly drift  covered.  It  has  been  suggested  that  the  Lake  Michigan  basin 
was  the  headwater  portion  of  the  Wabash  In  preglaeial  time.  On  this  point 
Leverett  says  (62)  :  **The  headwater  portion  of  the  Wabash  stream  form- 
ing the  preglaeial  Wabash  may  prove  to  have  been  in  the  Lake  Michigan 
basin.  But  if  so  the  connection  with  the  Wabash  is  through  a  very  much 
narrower  trough  than  that  occupied  by  Lake  Michigan.  Borings  at  both 
North  Judson  [497  ft.],  Winamac  [490  ft.]  and  Monticello  [407  ft.],  Indiana, 
situated  near  the  line  connecting  tlie  heads  of  Lake  Michigan  with  the  pre- 
glaeial valley  at  Lafayette,  go  to  a  level  about  100  feet  below  the  surface  of 
Lake  Michigan  Ijefore  entering  rock.  But  within  a  few  miles  east  of  this 
line  rock  ledges  have  an  altitude  as  great  as  the  surface  of  I^ke  Michigan, 
while  immediately  ^y-est  of  this  line  they  rise  90-125  feet  above  that  level. 
This  trough  can  not  have,  In  the  vicinity  of  Monticello,  a  breadth  of  more 
than  ten  miles,  Monticello  Is  situated  near  the  middle  of  the  trough.  The 
[irobabllltles  are,  therefore,  against  the  existence  of  a  much  deeper  channel 
in  it" 

Leverett  (65)  suggests  that  the  old  channel  which  passes  Into  Grant 
County  from  Ohio  may  be  a  headwater  portion  of  the  preglaeial  W^abash. 
The  modern  Wabash  has  not  completely  excavated  the  ancient  valley  to  its 
full  width  above  Terre  Haute,  but  below  tiiat  city  the  excavation  is  more 
nearly  complete. 
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Not  niiK'h  need  be  siUd  about  the  tributaries  of  the  Wabash,  for  Lev- 
eiett  has  very  fully  discussed  them.  "^The  details  have  not  been  worked  out, 
and  what  is  known  was  that  most  easily  determined.  I'sually  it  is  the 
lower  portions  of  these  streams  and  the  lower  portions  of  their  tributaries 
that  are  well  known,  the  headwaters  being  usually  post-glacial  and  the  pre- 
glacial  valleys  covered  with  drift. 

The  course  of  White  river  below  the  north  line  of  Greene  county,  with 
slight  exception,  Is  so  completely  covered  with  drift  that  the  course  of  the 
preglacial  stream  can  not  be  ascertained.  For  a  few  miles  below  Martins- 
ville the  present  stream  follows  a  preglacial  valley.  The  river  below  Spen- 
cer flows  for  a  few  miles  in  a  narrow,  shallow  channel  among  the  hills  and 
ridges,  there  l>eing  no  definite  preglacial  drainage  lines  to  control  its  course. 
It  occupies  a  preglacial  valley  from  the  mouth  of  Raccoon  creek  down  to 
Worthington,  where  it  joins  a  wider  valley  two  to  two  and  one-half  miles 
wide,  which  trends  south.  From  this  point  to  its  mouth,  the  course  of  the 
stream  is  nearly  coincident  with  a  broad  preglacial  line. 

Bean  Blossom  creek,  which  Leverett  has  not  included  in  his  map  of  the 
lireglaclal  drainage  of  Indiana,  Is  undoubtedly  preglacial.  This  is  the  con- 
clusion of  Dr.  E.  R.  Cummings  and  V.  F.  Marsters,  both  of  Indiana  I'nl- 
verslty,  who  have  worked  in  this  region  ((»9). 

The  Patoka  is  very  interesting  on  account  of  the  fact  that  it  is  a 
comi)Oslte  of  the  headwaters  of  four  different  stream  systems.  For  short 
distances  It  follows  a  preglacial  channel  and  then  it  suddenly  crosses  rock 
surfaces  which  were  formerly  cols  between  the  preglacial  streams.  The 
three  upper  stream  systems  emptied  northward  in  preglacial  time  into  the 
White  river.  During  the  advance  of  the  Illinois  ice-sheet  the  mouths  of  the 
stream  were  dammed,  and  lakes  were  formed.  The  water  in  the  upper  or 
eastern  lake  flowed  into  the  next  west  over  some  low  sag  in  the  divide  and 
this  into  the  third.  Whether  the  lake  drained  south  over  a  sag  into  the 
Ohio  or  drained  westward  to  the  Wabash  through  some  sub-glacial  channel 
Is  not  settled,  but  Leverett  inclines  to  the  latter  (G4:  101-2). 

The  Ohio  river  («.">;  183)  below  Madison  is  thought  to  be  preglacial 
through  its  entire  course  along  southern  Indiana,  except  probably  for  a 
short  distance  at  Louisville,  as  J.  Bryson  (12)  and  C.  E.  Siebenthal  (91) 
have  discovered.  This  is  Leverett's  conclusion  also,  but  he  says  further, 
**A  course  about  as  direct  is  found  in  a  line  leading  west  from  Madison. 
Indiana,  along  the  Muscatatnck,  to  the  F3ast  White  and  White  rivers  and 
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thence  down  the  Wabash  to  the  Ohio.  That  there  was  an  ancient  west- 
ward drainage  along  the  East  White  river  is  shown  by  the  presence  of 
Tertiary  gravel  near  Shoals,  Indiana,  that  was  brought  from  the  east.  But 
the  East  White  has  a  smaller  channel  than  the  neighboring  part  of  the 
Ohio,  and  no  channel  has  been  discovered  near  Madison  to  connect  the 
Ohio  with  the  Mascatatuck  Valley.  It,  therefore,  seems  a  less  favorable 
course  than  that  down  the  Ohio"  (65:  112). 

Both  Tight  and  Leverett  agree  in  placing  the  head  of  the  preglacial 
lower  Ohio  near  Madison,  Indiana,  thus  making  it  a  very  humble  stream 
compared  with  the  conditions  of  today. 

THE    PKEGLACIAL   DRAINAGE    OF   THE    BASINS   OF   THE    UPPER 

AND  MIDDLE  OHIO. 

Much  work  has  been  done  in  this  basin,  and  much  has  been  written 
about  it,  and  maps  of  lo<^'al  areas  have  been  made  to  cover  most  of  the 
State,  but  no  general  map  has  ever  been  compiled.  The  bibliography,  as  is 
apimrent,  contains  a  givat  many  excellent  references  to  this  region.  Lev- 
erett (05)  and  Tight  (101))  give  the  most  complete  discussion  of  the  sub- 
ject, and  several  other  geologists  have  carefully  discussed  limited  areas  of 
the  basin;  and  in  view  of  the  fact  that  so  much  has  been  written  on  the 
subject  only  a  few  necessary  points  will  be  given  here. 

The  Ohio  river  is  remarkable  in  many  i*espects,  for  it  presents  much 
variety  in  width,  depth  and  other  characteristics.  The  valley  varies  in 
width  from  six  miles,  where  the  walls  are  low  and  gentle,  to  one  mile, 
where  steep  bluffs  enclose  it,  and  its  depth  ranges  from  less  than  100 
feet  to  800  feet.  Its  l>ed  presents  a  succession  of  riffles  where  its  channel 
runs  over  rock  and  shoals  where  the  bed  is  upon  a  filling  often  75  feet 
deep.  The  number  of  narrow  places  where  the  bluffs  are  steep  is  remark- 
ably large,  as  is  shown  on  the  maps  (Pis.  IV,  V)  by  the  term  "col"  and 
at  such  places  the  valley  is  young.  Between  the  cols  the  present  valley  is 
frequently  crossed  by  old,  wide  valleys  that  extend  for  miles  on  either 
side.  Many  of  the  tributaries,  especially  below  Portsmouth,  enter  in  oppo- 
site directions  to  their  general  course  and  many  that  rise  close  to  the 
main  river,  flow  around  for  miles  before  entering,  a  fact  indicating  the 
recent  origin  of  the  Ohio  (101):  :U).  Much  of  the  same  may  be  said  of 
many  of  the  tributaries,  such  as  the  Muskingum,  Hocking,  and  the  Alle- 
gheny, for  they  are,  too,  "things  of  shreds  and  patches,"  having  be^n  pro- 
duced by  the  union  of  portions  of  various  sti"eam  systenjs, 
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The  location  of  the  primary  divide,  if  the  preglacial  drainage  lines 
have  l)een  established  correctly,  can  be  followed  in  a  general  way  by  a 
glance  at  the  maps  (Pis.  IV,  V).  The  portion  of  the  divide,  and  the  most 
important  portion,  between  the  Wabash  and  Erie  basins  has  not  yet  been 
satisfactorily  located.  I'pon  Its  accurate  determination  depends  most  of 
our  knowledge  of  the  outlet  of  the  drainage  of  southern  and  southeastern 
Ohio.  Some  general  facts  concerning  it  will  appear  in  the  following  dis- 
cussion. From  near  Mt.  Vernon  east  and  southeast  to  New  Martinsville 
the  divide  is  ^'ell  located,  and  the  area  northeast  and  north  drained  to  the 
northward.  The  present  Ohio  Is  seen  to  fall  Into  two  divisions  on  this 
basis. 

The  portion  of  tlie  Ohio  above  New  Martinsville  reached  some  northern 
outlet  by  three  different  streams  (PI.  V).  These  are  easily  located,  with  a 
few  minor  exceptions,  for  the  preglaclal  cols  are  usually  apparent.  Carl  I 
(17)  called  the  attention  to  a  narrowness  of  the  Allegheny  valley  at 
Thompson's  gap  and  shows  that  the  rock  floor  of  the  valley,  now  covered 
with  drift,  sIoikhI  northward  from  the  divide,  and  he  concluded  that  the 
headwaters  of  the  Ohio  once  drained  northward  by  this  valley.  He  con- 
cluded that  the  outlet  was  through  the  Cassadaga  valley,  but  Chamberlin 
and  Leverett  made  later  studies,  found  the  Cattaraugus  creek  valley  the 
deeper  and  more  direct  route  to  Lake  Erie  and  concluded  that  the  outlet 
was  by  that  valley  (05:  120-nO;  21:  101:  159-00). 

Another  prominent  col  just  north  of  Parker  separates  another  section 
of  the  Allegheny  which  included  the  Allegheny  to  a  little  below  Oil  City. 
French  creek  reversed  to  Meadville  and  an  old  valley  continuing  northward 
to  some  preglaclal  valley  in  the  Erie  basin  were  the  main  stream  in  the 
system,  for  here  is  an  old,  wide  rambling  valley  in  which  Cussewaga  creek 
flows  south  to  join  French  creek.  Leverett  accepts  this  outlet,  showing  that 
the  drainage  could  not  have  been  up  French  creek  above  Martinsville,  be- 
cau.se  of  a  col  in  French  creek  valley  a  few  miles  northeast  of  Meadvilh' 
(05:  l.-M-S). 

The  next  lower  section  of  the  preglaclal  system,  whose  main  stream 
was  the  Beaver  revei*sed,  and  the  Grand,  is  variously  known  as  the  Spen- 
cer (35),  Old  Lower  Allegheny,  Pittsburg  (109)  and  Grand  river  (21).  It 
lias  been  well  studied  and  most  authors  agree  ui^on  its  course.  The  drift 
is  det»p  nortli  of  the  source  of  the  Beaver;  but  the  old  gradation  plain 
slopes  north   to   Sharon   and  then   upward   farther  north.     A  depression 
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desceud8  westward  to  Youngstown  on  the  Mahoning.  Borings  at  Niles  and 
Rome  reached  level  at  70  feet  above  Lake  Erie,  showing  that  the  old  Grand 
valley  grows  deeper  in  the  north  (65:  149-51). 

They  are  marked  off  by  the  meridians  of  New  Martinsville  and  Colum- 
bns  and  include  a  mass  of  detail  that,  in  most  cases,  is  very  difficult  to  map 
from  the  text.  The  area  south  of  a  line  between  New  Martinsville  and  the 
mouth  of  Newark  river  has  been  studied  thoroughly  by  Tight  and  mapped 
in  detail  (PI.  V  and  109)  and  well  discussed.  The  changes  here  are  quite 
profound  but  they  can  be  read  with  little  difficulty. 

Theh  Muskingum  has  offered  much  difficulty  to  its  own  solution,  es- 
pecially within  the  deeply  drift-covered  areas.  I^verett  (05:  158-65)  gives 
the  most  concise  summary  of  the  preglacial  conditions  of  the  basin,  but 
Tight  (109,  PI.  1)  gives  a  similar  general  outline,  and  with  local  writers 
discusses  the  region. 

The  Blue  Ro<*k  col  is  sufficiently  plain  to  separate  that  part  of  the 
present  stream  into  north  flowing  and  south  flowing  iK)rtion8.  The  north 
flowing  part  might  have  gonie  north  along  the  present  Muskingum  or 
northwest  up  the  Licking,  but  I^verett  favors  tlie  latter  (65:  161).  Tight 
is  especially  responsible  for  the  section  drained  by  the  Licking  reversed  and 
the  preglacial  Newark  (104:  152,  PI.  I;  91:  160)  and  of  Vernon  river. 

Much  difficulty  was  experienced  in  determining  the  location  of  the  pre- 
glacial channel  which  carried  the  drainage  of  the  present  Muskingum  after 
it  reaches  the  headwaters  of  the  present  Rocky  river.  Todd  (117),  a  local 
writer  who  has  a  paper  on  the  preglacial  drainage  of  the  Rocky  basin  and 
an  area  south,  favors  an  outlet  down  the  preglacial  Rocky,  but  Leverett 
(65:  165)  believes  that  it  flowed  east  into  the  old  Cuyahoga  (PI.  IV), 
although  he  admits  that  the  evidence  of  a  slope  In  the  rock  floor  in  that 
direction  is  meager.  He  also  favors  the  idea  that  the  upper  Tuscarawas 
was  continuous  with  the  preglacial  Cuyahoga. 

The  system  of  preglacial  drainage  (Pis.  IV,  V)  collected  into  Ports- 
mouth river — the  lower  Scioto  reversed — is  fully  discussed  by  Tight,  I^ev- 
erett  and  others  and  is  establisliod.  Newark,  Vernon  and  Portsmouth 
rivers  united  somewhere  southwest  of  Columbus,  but  it  Is  not  well  known 
just  where.  After  the  union  of  these  rivers  the  direction  of  their  united 
valleys  is  not  yet  determined.  leverett  (65:  103-4)  says  on  the  question: 
"•Four  possible  courses  were  suggested  for  the  discharge  from  the  southern 
end  of  the  Scioto  Iwisin :    First,  southward,  .down  the  Scioto  from  Waverly 
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to  the  Ohio  aud  thence  down  tlie  Ohio ;  second,  northward,  along  the  axis 
of  the  Scioto  basin  to  Lake  Erie ;  third,  northwestward  across  western  Ohio, 
along  one  of  the  several  deej)  valleys  brought  to  light  in  that  r^ion  by  the 
oil  and  gas  wells,  eventually  to  the  low  tract  on  the  lower  course  of  the 
Wabash  or  the  basin  of  Lake  Michigan;  fourth,  northeastward  past  the 
Licking  reservoir  and  an  old  valley  east  of  Newark  to  the  Muskingum  at 
Dresden,  and  thence  northward  along  or  near  the  present  valley  of  the 
Muskingum,  Tuscarawas,  and  Cuyahoga  to  the  basin  of  Lake  Erie  at  Cleve- 
land." (65:  102-4.)  Leverett  later  found  an  oxbow  channel  at  Lucasvllle, 
which  seemed  to  testify  strongly  against  a  southern  discharge,  and  a  divide 
now  crossed  by  the  Tuscarawas  between  Zoar  and  Canal  Dover,  which  ren- 
ders a  northeast  discharge  Impossible.  It  seems  worth  while  to  quote  Lev- 
erett concerning  the  difficulties  of  the  other  two  routes:  "The  northward 
route  along  the  axis  of  the  Scioto  basin  encounters  a  general  rise  in  the 
bordering  plain  of  about  200  feet  in  the  100  miles  between  the  south  end 
of  the  basin,  near  Chillicothe,  and  the  continental  divide  near  Marion,  north 
of  which  there  is  an  even  greater  descent  to  the  Lake  Erie  basin.  If  the 
course  of  drainage  was  northward  across  the  divide,  and  if  the  divide  has 
not  suffered  recent  uplift,  there  must  have  been  channeling  in  It  to  a  depth 
of  al>out  300  feet.  That  an  axis  of  uplift  exists  in  this  part  of  the  conti- 
nental divide  is  shown  by  the  arching  of  the  rock  formations  over  it;  but 
its  extent  and  its  date  are  not  yet  determined. 

"The  northwestward  route  lends  across  the  limestone  belt  on  the  west 
side  of  the  Scioto  basin,  whose  general  level  is  about  200  feet  above  the 
continental  divide  at  the  north  end  of  the  basin  and  500  feet  above  the  gra- 
dation plain  near  Chillicothe.  To  pass  through  that  region  the  channeling 
would  be  so  much  greater  than  is  required  for  a  northward  course  along 
the  axis  of  the  basin,  that  one  can  scarcely  resist  ruling  out  the  northwest- 
ward course.  Yet  from  what  is  found  on  the  lower  Ohio,  where  the  stream 
passes  directly  across  the  low  Devonian  shale  area  into  the  knobstone  and 
sandstone  formations  that  now  stand  much  higher,  such  a  ruling  may  be 
unwarranted.  The  presence  of  the  low  basin  occupied  by  Lake  Erie  offers 
an  additional  argument  in  favor  of  the  northward  route.  This  basin  would 
be  reached  by  that  route  in  less  than  half  the  distance  required  to  reach 
a  similar  low  track  In  the  Wabash  region,  or  the  Lake  Michigan  basin  by 
tiie  northwestward  route.  Each  of  these  routes  falls  within  regions  so 
heavily  covered  with  glacial  deposits  that  the  course  of  the  channels  can  be 
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tra<'ed  ouly  by  means  of  borinjjs.  nud  tliost*  are  so  few  and  so  poorly  distrib- 
uted as  to  be  inadequate  to  our  needs.'* 

Tight  favors  a  northwestward  discharge  of  the  Portsmouth  river  and 
so  maps  it  in  Plate  I,  Professional  Paper,  No.  13  (100). 

Bownoeker  has  studied  the  dec'p  borings  of  west  central  Ohio  and  finds 
evidence  of  a  deep  channel  running  from  Anna  to  Celina,  north  to  Rockford 
and  west  into  Indiana,  as  far  as  (Jrant  county,  where  no  borings  by  which 
it  may  be  traced  are  found  (10,  11).  This  old  chmmel  may  be  a  continua- 
tion of  the  preglacial  stream  in  question  (Poi*tsmouth  river),  and  Leverett 
suggests  that  it  may  be  a  tributary  of  the  Wabash  (<I5:  183-4;  see  109,  p. 
23  and  Pi.  I),  but  adds:  "The  size  of  the  valley  indicates  that  it  drained 
at  most  only  a  few  counties  of  western  Ohio." 

Between  Manchester,  Ohio,  and  Madison,  Indiana,  the  Ohio  crosses 
tliree  cols,  which  means  that  it  is  the  united  parts  of  four  basins.  The 
Licking  and  Kentucky  rivers  are  thought  by  both  Bownocker  and  Fowke 
to  have  been  united  to  form  a  single  stream  at  Hamilton.  Fowke  and  Tight 
think  that  from  Hamilton  it  flowed  northward  along  the  Great  Miami  re- 
versed. Leverett,  who  opposes  the  idea,  states,  "It  is  probable  that  the  old 
drainage  south  from  the  latitude  of  Dayton  followed  nearly  the  course  of 
the  present  line  to  the  Ohio.  .  .  .  The  old  Ohio  was  entered  by  the 
Great  Miami  near  Hamilton.  The  latter  stream  makes  slight  departures 
from  the  line  of  the  old  Ohio  below  Hamilton,  the  old  Ohio  channel  being 
in  part  farther  west  than  the  Great  Miami."     ((55,  p.  184.) 

Fowke  believes  that  the  old  channel  between  Hamilton  and  the  mouth 
of  the  Kentucky  was  eroded  by  the  Kentucky  river,  instead  of  the  Ohio. 
He  says:  "In  other  words,  that  stream,  instead  of  following  the  present 
Ohio  as  it  does  now,  or  flowing  across  Indiana,  turned  to  the  east  and 
north  and  joined  the  Licking  at  Hamilton.  There  is  no  other  channel 
through  which  it  could  have  gone.  .  .  .  Fi^om  Hamilton  northward 
the  old  river  bed  is  filled  with  drift  and  has  not  been  traced.  There  can  be 
no  doul)t,  however,  that  it  joined  the  old  Kanawha  (Chillicothe)  north  of 
Dayton,  probably  in  the  neighborhood  of  Piqua."  (3G).  The  preglacial 
head  of  the  Ohio  is  by  tliis  theory  placed  at  Madl.son.  Indiana. 

The  present  course  of  the  Ohio  is  due  to  the  action  of  the  ice-sheet 
which  dammed  the  north  flowing  streams,  forming  lakes  in  the  basins  which 
overflowed  at  the  lowest  point  in  the  divides  tK?tween  basins  to  the  next 
lower  neigliboring  basin.  Tlie  lakes  endured  sufficiently  long  for  tlie  present 
Ohio  to  establish  itself  in  the  course  which  it  now  follows  (36,  109). 
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LAKES. 

The  Great  Lakes  have  been  so  closely  connected  with  the  glacial  history 
<»f  the  Mississippi  basin,  their  origin  Is  so  closely  connected  with  the  pre- 
glacial  Mississippi  basin  that  It  seems  well  to  add  a  chapter  to  present 
briefly  what  is  known  about  their  preglaclal  history. 

Newberry  was  one  of  the  earliest  writers  to  state  the  theory  now  so 
universally  believed,  that  the  antecedent  of  the  Great  Lakes  was  a  grent 
rlvev  system.  According  to  him  the  first  suggestion  of  the  notion  was 
given  by  deep  borings  In  the  valley  of  the  Cuyahoga  at  Cleveland,  which  is 
a  deep  valley  filled  with  drift  (79).  As  early  as  1882,  In  a  summary  of  his 
work,  Newberry  mentioned,  among  other  points,  that  he  believed  that  "an 
extensive  system  of  drainage  lines  which  once  traversed  the  continent,  hail 
been  subsequently  filled  up  and  obliterated  by  the  drift  of  the  Ice  period." 
(79.) 

Newberry  thought  the  outlet  of  the  lakes  through  Ontario  was  througli 
a  preglaclal  valley  now  occupied  by  the  Mohawk  river,  and  so  mapped 
It  In  1878.  Spencer  took  exception  to  this  Idea,  saying,  "The  Mohawk  course 
will  not  answer,  as  the  geological  surN-ey  of  Pennsylvania  has  shown  that  at 
Little  Falls,  Herkimer  county,  tlie  Mohawli  flows  over  metamorphlc  rocks." 
(79.)  Lesley  added  that  this  rock  divide  was  901)  feet  above  the  floor  of 
Lake  Ontario. 

Spencer  began  the  study  of  the  coune<'tion  between  Lake  Erie  and  Lake 
Ontario  before  1880,  and  In  1881  announced  that  he  had  found  that  the 
connection,  was  through  the  Dundas  Valley  (94),  and  Newberry  at  once 
declar^Hi  that  he  himself  had  prophesied  the  location  of  the  connection  where 
Spencer  found  It.  Spencer  thought  that  the  outlet  of  the  preglaclal  valley 
occupied  by  Lake  Ontario  could  not  be  the  St.  Lawrence  river,  because  the 
bed  of  the  St.  Lawrence  river  Is  of  solid  rock  (94),  nor  the  Mohawk,  be- 
cause of  the  rock  divide  at  Little  Falls.  The  channels  through  northern 
New  York  were  unimportant  and  would  not  answer.  The  Seneca  basin 
and  the  Susquehanna  seemed  available  at  first,  for  the  deepest  part  of  Lake 
Ontario  is  north  of  Seneca  Lake,  but  too  much  subsidence  would  be  required 
(94).  After  studying  the  l^eaches  about  Lake  Ontario  and  noticing  that 
they  were  tilted  to  the  west.  Spencer  announced  that  the  preglaclal  outlet 
was  down  the  St.  Lawrence  (97,  100).     Latc»r  he  worked  nut  the  sj'stem  of 


c'hnnnels  which  Is  shown  in  Fig,  4  (100,  101).  Si)encer  suggested  that  Lake 
Michigan  had  a  preglacial  outlet  to  the  south  or  southwest  (03). 

Upham  (125,  128)  took  exception  to  Spencer's  interpretation  of  the 
direction  of  the  Laurentian  preglacial  drainage,  and  offered  the  theory  that 
"A  great  trunk  stream  flowing  south  along  the  bed  of  Lake  Michigan  drew 
its  chief  tributaries  on  one  side  from  the  basins  of  Lakes  Huron,  Erie  and 
Ontario,  and  the  other  side  from  the  basin  of  Lake  Superior."  He  held 
that  during  the  latter  half  of  the  Cretaceous  period  nearly  all  the  drainage 
area  which  now  forms  Minnesota  and  the  drainage  basin  of  the  Missouri 
liver  was  depressed  and  covered  by  the  sea,  while  the  contiguous  area 
forming  the  Great  Lakes  region  was  dry  land  and  continued  so  up  to  the 
coming  of  the  Ice  Age.  The  divide  separating  this  area  from  the  basins 
draining  to  the  Atlantic,  extended  "along  the  Allegheny  mountain  belt  and 
directly  onward  northeasterly  to  the  Adirondacks,  turning  thence  north- 
westerly across  the  Ontario  highlands  ...  to  the  present  height  of 
land  north  of  Lake  Superior."  Spencer's  preglacial  stream  system  was, 
therefore,  probably  limited  to  the  headwater  streams  now  represented 
by  the  Lake  Champlain  basin  and  the  Saguenay  and  Ottawa  rivers. 

Lately  Grabau  (43)  has  interpreted  the  preglacial  drainage  of  the 
(ireat  Lakes  region  in  a  manner  different  from  Si>encer  and  Upham.  His 
theory  briefly  stated  is  this:  The  old  surface  of  the  pre-Cambrian  rocks 
was  worn  away  by  long  continued  erosion  and  there  were  laid  down  upon 
them  horizontally,  but  unconformably,  the  newer  beds  of  Ordovician  and 
Silurian  rock.  Then  followed  an  uplift  greater  In  the  north,  tilting  the 
new  beds  southward  with  a  dip  of  about  25  feet  i>er  mile.  Following  the 
uplift  was  a  i)eriod  of  erosion,  wherein  the  region  "suffered  ah  enormous 
amount  of  denudation,  having  been  brought  to  the  condition  of  a  low  nearly 
level  tract  or  peneplain  a  little  above  sea  level.'*  Then  the  surface  was  sub- 
merged and  beds  of  Devonian  limestone,  shales,  and  sandstones  were  laid 
down  over  it.  The  sea  bottom  became  dry  land  and  another  cycle  of  erosion 
began.  The  uplifted  bedn  formed  a  "broad  essentially  monotonous"  coastal 
plain  sloping  gently  southward.  Consequent  streams  flowed  southward  down 
the  slope.  The  great  master  streams  developed  were  the  Saginaw,  Dundas 
and  Genesee  rivers,  and  probably  some  of  the  Finger  lake  valleys.  As  ero- 
sion proceede<l,  the  sl<»plng  harder  beds  endured  and  cuestas  were  formed, 
having  their  steeper  slopes  to  tlu?  nortii.  Along  the  foot  of  the  escarp- 
nient)i  the  subse(|uent  streanis  flowed  to  tlie  master  streams.    The  Buffalo. 
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the  Tonawanda  and  other  large  tributaries  coming  in  at  right  angles  to  the 
consequent  streams  are  the  subsequent  streams  and  some  of  their  valleys 
are  now  the  basins  of  the  Great  Lalces. 

Short  gullies,  or  tributaries  to  the  subsequent  streams,  called  obsequent 
streams,  worked  headward  into  the  cliffs  of  the  cuestas.  Such  a  stream 
was  the  St.  David's  gorge,  which,  however,  was  not  the  preglacial  Niagara, 
as  was  once  believed  by  Scovell,  Pohlman  (84)  and  others. 

The  direction  of  preglacial  drainage  postulated  by  the  theory  above  is 
in  accord  with  the  theories  of  Lpham  (128),  Westgate  (137),  Russel  (88), 
and  also  A.  W.  G.  Wilson,  who  has  worked  the  preglacial  drainage  of  the 
region  east  and  north  of  Lake  Ontario  in  detail  (140)   (Plate  VI). 
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INTRODCCTORV. 

In  the  following  pages  I  wish  to  record  the  more  important  results 
of  my  experiments  in  the  cross-fertilization  of  fishes.  These  have  heen  in 
I)rogress  inor^  or  less  continuously  since  1898.  These  experiments  were 
originally  undertaken  with  quite  another  object  in  view,  namely,  for  inherit- 
ance and  eytological  studies.  A  survey  of  available  nearly  related  forms 
was  made  thai  would  successfully  hybridize  for  variation  and  inheritance 
studies.  Another  purpose  was  the  hybridization  of  forms  with  different 
shaped  chromosomes,  so  that  tho  behavior  of  the  latter  could  be  followed  In 
development.  It  soon  developed  Ihat  the  iwsslbility  of  cross-fertilizing 
fishes  was  very  much  greater  tlian  had  hitlierto  been  supposed.  This  led 
me  to  seek  all  possible  combinations  of  species  of  whatever  relatlonahli) 
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that  happened  to  be  i^)awiiing  at  the  same  time,  and  note  the  possibility  and 
character  of  impregnation,  the  development  of  the  hybrids  and  the  fate 
of  developing  embryos. 

The  writer  wishes  to  express  his  sincere  thanlcs  to  Prof.  Charts  B. 
Davenport  for  privileges  enjoyed  at  the  Miami  Laboratory,  CJold  Spring 
Harbor ;  to  Hon.  Geo.  M.  Bowers  and  Supt  Francis  B.  Sunmer  for  privileges 
at  the  United  States  Fish  Commission  Lal>oratories  at  Woods  Hall,  and  to 
the  trustees  of  the  Elizabeth  Thompson  Science  Fund  for  a  grant  that  made 
it  possible  Incidentally  to  gather  some  of  the  data  included  in  this  report. 

HISTORICAL. 

With  one  exception,  to  be  noted  later,  it  is  possible  to  impregnate  the 
eggs  of  any  of  the  species  tried,  with  the  sperm  of  any  other  species  tried, 
although  they  belonged  to  widely  separated  orders.  Isolated  Instances  of 
equally,  or  even  more  distinct  crosses  have  been  recorded.  Appellof  C&4) 
made  the  following  crosses  among  fishes: 

Pleuronectes  platessa  ? 

X 

Gadus  morhua  (} 

Labrus  rupestris  9 

X 
Gadus  morhua  c? 

In  each  of  these  the  species  belong  to  distinct  orders.  A  portion  only  of 
the  eggs  were  impregnated.  A  few  showed  Irregularities  in  cleavage,  ami 
were  presumably  polyspermic.  The  European  Amphibia  have  been  exten- 
sively hybridlssed  by  Pfliiger  ('82)  and  by  Bom  ('83).  The  former  succeeded 
in  impregnating  the  eggs  of  Rana  fusca  with  the  sperm  of  both  Triton 
alpestris  and  Triton  tacniatus,  i.  e.,  an  Anuran  with  a  Urodele.  The  seg- 
mentation, however,  was  irregular  so  that  all  the  eggs  were  probably  poly- 
spermic. Morgan  ('03)  succeeded  in  impregnating  the  eggs  of  Asterias  with 
the  sperm  of  Arhacia.  He  obtained  normal  cleavage,  the  larvae  developing 
to  blastulae  and  gastniloe.  Ills  experiments  were  carefully  repeated  by 
Drlesch  ('98)  without  result.  Mathews  ('01)  believed  Morgan's  results 
were  due  to  parthenogenesis  Induced  by  shaking  the  eggs.  Loeb  (*03),  work 
ing  with  the  Pacific  Coast  Echinoderms,  found  it  impossible  under  normal 
condition  to  fertilize  the  eggs  of  Strongylocentrotus  purpuratiis  with  the 
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sperm  of  any  of  the  starfish.  However,  by  changing  the  constitution  of  the  sea 
water  he  succeeded  in  getting  impregnations  (in  some  cases  50  per  cent.) 
between  fif.  purpuratufi  $  and  Asterlas  ochracea.  Segmentation  was  normal ; 
the  larviB  developed  into  blastulce  and  gastrulae,  some  showing  the  differ- 
t4itiation  of  the  intestine.  Many  other  experiments  in  hybridizing  fishes 
have  been  recorded.  These,  however,  were  all  between  nearly  related 
species,  mostly  among  the  domesticated  salmonidse  and  cyprlnidse.  It  would 
not  be  to  the  point  to  pass  these  in  review  here.  For  a  good  summary  of 
these  the  reader  is  referred  to  Aclvermann  ('98). 

METHODS. 

The  method  of  effecting  the  crosses  and  the  precautions  taken  to  pre- 
vent contamination  with  other  sperms,  were  in  all  cases  essentially  the 
same.  The  sexes  of  the  same  species  were  kept  in  separate  aquaria.  The 
eggs  were  expressed  into  well  sterilized  watch  glasses  after  which  the  milt 
was  added.  Before  adding  the  milt  a  sufficient  number  of  eggs  were  taken 
from  the  lot  and  placed  in  a  fingerbowl  of  water,  as  a  control.  The 
fertilized  lot  was  also  placed  in  a  fingerbowl  and  allowed  to  develop  there. 
After  the  per  cent,  and  character  of  impregnation  was  determined  and  the 
development  well  along  In  segmentation,  changes  of  water  sufficiently 
frequent  to  insure  normal  conditions  for  development  were  made.*  All 
dishes,  pipettes,  etc.,  were  thoroughly  sterilized,  first  with  hot  water  and 
then  with  95  per  cent  alcohol.  Notwithstanding  the  fact  that  it  was 
found  that  little  danger  of  contamination  existed,  the  precautions  were 
strictly  observed.  In  not  a  single  instance  was  there  any  suspicion  that 
the  eggs  were  not  fertilized  by  the  desired  sperm. 


^  I  wish  to  call  attention  to  one  defect  In  the  methods  of  rearinj?  the  hybrid 
cg?s.  It  may  be  objected  that  while  the  rearing  of  the  eggs  In  the  fingerbowl  may 
be  satisfactory  for  Fundulns  and  some  other  sipecles  it  is  not  normal  for  a  hybrid 
egg  having  a  sperm  from  a  species  that  has.  for  instance,  pelagic  mode  of  life  during 
its  developmental  stai^es.  This  unnatural  condition  may,  therefore,  in  part  at 
least,  be  responsible  for  the  failures '  In  the  development,  or  even  the  particular 
stages  at  which  development  ceases.  This  objection,  so  far  as  we  know,  may  or  may 
not  be  of  value.  I  see  no  way  to  avoid  this  experimental  error,  since  It  is  not  prac- 
ticable to  cater  to  the  demands  of  one  of  the  parent  species  without,  theoretically 
at  least,  infringing  on  the  other.  It  may  be  said,  however,  that  many  of  the  species, 
especially  those  on  which  most  stress  has  been  laid,  have  been  successfully  reared 
by  this  method,  e.  x.,  all  the  species  of  Fundulus,  the  two  species  of  Sticklebacks, 
and  the  (wo  species  of  Menldla.  It  Is  the  belief  of  the  writer  that  this  objection 
may  be  disregarded. 
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DESCRIPTION    OF   CBOSSES. 

In  the  following  detailed  description  of  the  various  crosses  only  such 
details  are  Included  as  seemed  valuable.  Certain  of  the  crosses  were  kept 
under  observation  much  more  closely  than  others,  and  these  are  more 
completely  considered.  It  seemed  desirable,  however,  to  list  the  other 
crosses  made,  giving  brief  notes  when  such  seemed  worth  while.  A  com- 
plete list  of  all  the  crosses  made  Is  included  in  Table  9. 

Fundulus  heteroclitus,  female, 

X 
Mcnidia  ttotata,  male. 

This  cross  was  made  more  frequently  and  studied  more  comjrfetely 
than  any  of  the  others.  A  description  of  the  chromosomal  l)ehavior  has  been 
published  by  the  writer  ('94).  I  included  there  also  a  brief  description  of 
the  development.  For  the  sake  of  completeness  this  may  be  lncori>orated 
here.  The  percentage  of  eggs  fertilized  varies  from  70  to  93.  Actual  counts 
were  not  made  in  all  the  experiments.  The  percentages  in  four  deteruiiua- 
tlons  were  as  follows : 

Experiment  24b 87  per  cent- 

25b 80  "      •* 

24b 93"      *• 

126 70"      " 

Of  the  eggs  Impregnated,  approximately  50  per  cent,  are  quite  constantly 
di£^rmie.  Very  few  are  polyspermic  so  far  as  can  be  ascertained  by  the 
mode  of  cleavage.  The  dispermic  eggs  never  go  further  than  to  the  close 
of  cleavage.  The  normally  impregnated  eggs  go  through  the  cleavage 
stages  in  a  perfectly  normal  fashion.  This  is  true  both  for  the  form  and  the 
rhythm  of  cleavage.  In  the  following  table  is  given  a  comparison  of  a  lot 
of  hybrid  eggs  with  a  lot  of  normals.  The  eggs  were  taken  from  the  same 
female,  fertilized  at  the  same  moment  and  kept  under  similar  conditions. 
The  observations  were  made  at  the  same  time  on  both  lots  of  ^^gs  and  the 
stage  at  which  each  was  found  was  recorded  as  accurately  as  possible. 
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Table  1. 


TiM«  or  Obsbrvation. 

Find.  X  Find. 

Fund.  X  Men. 

9.10  p.  M..,  June  26.' 

1 
In  2  cells. 

In  2  cells. 

9.40  p.  M..  June  26. 

Beginning  4  cells. 

Beginning  4  cells. 

10.00  p.  M.,  June  26. 

Completion  4  cells. 

Ck)mpletion  4  cells. 

10.15  p.  M.,  June  26. 

Beginning  8  cells. 

Beginning  8  cells. 

10.20  p.  M..  June  26. 

Well  begun  on  8  cells. 

Well  begun  on  8  cells. 

10.30  p.  M.,  June  26. 

In  8  cells. 

In  8  cells. 

11.00  p.  M.,  June  26. 

Beginning  16  cells. 

Beginning  16  cells. 

9.00  A.  M.,  June  27. 

Well  along  in  segmentation. 

Well  along  in  segmentation. 

9.00  p.  M.,  June  27. 

Well  begun  on  gastrulation. 

First  trace  of  gastrulation. 

9.00  A.  M.,  June  28. 

l+over  the  yolk. 

i  or  less  over  the  yolk. 

3.00  p.  M.,  June  28. 

Blastopore  closed. 

i  over  the  yolk. 

5.30  p.  M.,  June  28. 

Blastopore  closed,  the  embryo 

Blastoporeclosing  or  nearly  losed; 

1         long  and  narrow. 

embr>'o  much  shorter  than  nor- 
mal. 

9.00  A.  M..  June  29. 

Embryo  with  optic  vesicle. 

1 

Blastopore  closed,  embryo  short, 
no    optic    vesicle;     i^>parratly 

dead. 

'Eggs  fertilised  at  7  p.  m.,  June  26. 


From  this  table  it  will  be  seen  that  tlie  liybrids  fall  behind  the  nor- 
mals in  their  dcvolopnfcent.  This  becomes  apparent  only  in  the  later  stages. 
In  the  latter  stages  considerable  irregularity  in  the  rate  of  development 
obtains.  Usually  in  a  lot  of  eggs  most  of  which  have  the  blastojwre  just 
closed,  some  o^rgs  may  be  found  that  have  just  entered  upon  the  germ-ring 
stage.  Others  may  be  variously  further  along.  The  number  of  such  tardy 
eggs  is  usually  small.  Tiieso  eggs  may  stop  their  development  at  various 
stages  with  consequent  shortened  embryos  and  incomplete  blastopore  closure. 
In  this  aborted  condition  they  may  live  for  days,  forming  pigment  both  in 
the  embryo  and  in  the  yolk.  This  mass  of  cells  may  even  develop  a  heart 
and  ear  vesicles.  The  heart  beats  for  days  without,  however,  handling  any 
blood.  From  such  condition  to  one  where  the  embryo  seems  at  first  to  be 
I>ractically  normal  there  are  all  stages.  The  great  majority  of  the  embryos 
die  at  a  coiidition  where  the  blastopore  is  closed,  the  embryo  is  laid  down, 
though  somewhat  short,  w  ith  pigment  developed  but  no  heart,  eyes,  etc. 

Some  of  the  embryos,  under  favorable  conditions,  develop  considerably 
further.  In  the  more  successful  of  these  the  yolk  becomes  highly  pigmented 
with  both  kinds  of  chromatophores.  The  same  Is  true  of  the  embryo.  There 
is  an  attempt  at  pattern  formation,  showing  bilateral  symmetry  but  lacking 


358 

any  marked  uniformity  in  the  different  embryos.    A  small  proportion  of  the 
embryos  may  sliow  only  the  reddish-brown  pigment  cells  with  complete  ab- 
sence of  melanaphores.    Such  embryos  are  of  a  strikingly  brilliant  reddish- 
brown  color.     'I  he  black  pigment  may  be  dcpusitiHl  in  tlie  eyes,  however. 
The  body  of  the  embryo  becomes  considerably  elongated,  though  never  as 
long  as  the  normals.     The  muscle  segments  are  well  developed;  the  vacu- 
olated notocord  can  be  seen  and  the  indications  of  the  vertebral  spines  can 
in  some  cases  be  made  out  from  a  surface  view.    I  have  not  seen  the  dorsal 
and  caudal  fin-folds  developed,  except  in  a  very  rudimentary  way;  the  pec- 
torals, on  the  other  hand,  may  be  i)resent,  and  in  some  embryos  are  larger 
than  normal.    The  eyes  are  at  first  normally  formed,  showing  as  normal 
optic  cups  and  a  well  developed  lens,  and  having  the  normal  size.    Pigment 
begins  to  be  deposited  much  as  in  the  normal,  but  does  not  become  as  abun- 
dant.   The  eye  does  not  keep  pare,  however,  with  the  normals,  so  that  it 
finally  becomes  too  small,  too  sliglitly  pigmented  and  often  lying  too  low 
as  well  as  too  far  forward.    The  ear  vesicle  may  become  very  large,  appear- 
ing as  a  prominent  bulb  on  either  side.     The  otoliths  can  be  plainly  seen. 
I  have  seen  no  Indication  <f  a   nu.uth.     The  brain  vesicles  form   in   the 
earlier  stage  of  the  development  of  these  hybrids,     r^ater  the  brain  shows 
cavities  varying  in  size  and  regularity,  but  quite  different  from  the  normals. 
The  perl-cardial  cavity  usually  l>e<()mes  quite  large  with  a  volume  one- 
fourth  or  one-third  the  size  of  the  whole  yolk  sphere.    The  heart  becomes 
often  much  drawn  out.    In  other  cases  it  is  relatively  short  and  may  show 
regions  of  differentiation.    This  pulsates  vigorously,  the  wave  going  in  the 
proper  direction.    I  obtained  a  single  embryo  that  succeeded  in  establishing 
a  circulation  so  that  blood  was  handled  by  the  heart  and  circulated  through 
the  embryo  and  over  the  yolk.    This  circulation  lasted  for  three  days,  when 
the  vessels  became  clogged.    '1  he  heart  continued,  however,  to  beat  without 
moving  any  blood.    The  usual  condition  is  to  have  no  circulation  established. 
Isolated  regions  on  the  yolk  show  capillaries  with  colored  contents,  but  no 
movement  of  the  latter  obtains.    In  the  embryo,  likewise,  lakelets  of  blood 
form,  a  favorite  place  being  in  the  median  ventral  part  of  the  tail   just 
posterior  to  the  yolk.     I   have  kept  embryos  alive  for  twenty-nine  days. 
The  yolk  may  become  reduced  to  one-half  or  more  in  amount.    The  embryo 
will  not  hatch. 
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Medinia  notata,  female, 

X 
Fundulns  heterocUtm,  male. 

The  reciprocal  of  the  preceding  cross  was  made  four  times.  The  per- 
centage of  impregnation  does  not  seem  to  run  as  high  as  in  the  reciprocal 
cross.    Thus : 

ICxperiment  23b 14  per  cent. 

"  27    Small  per  cent. 

130 88  per  cent. 

It  is  probable  that  the  lower  |)erceutages  of  impregnation  in  experi- 
ments 23b  and  27  have  no  significance.  The  experiments  show  that  under 
favorable  conditions  a  very  high  per  cent,  of  impregnation  is  possible — a 
condition  probably  varying  but  little  fnmi  the  normal. 

The  condition  of  dispermy  present  to  such  a  large  extent  In  the  recip- 
rocals does  not  obtain  in  this  cross. 

The  rate  of  development  during  the  earlier  stages  was  the  same 
as  that  of  the  normal.  The  process,  however,  show<Hi  a  slowing  during  the 
later  cleavage  stages,  as  was  shown  by  the  normals  pretty  generally  entering 
upon  the  germ-ring  stage,  earlier  than  the  hybrids.  Inspection  of  Table  2. 
in  which  the  stages  of  the  normals  and  hybrids  are  placed  in  parallel  col- 
umns, will  show  that  from  this  point  the  developmental  processes  were 
considerably  slowvd.  '!  bus,  when  the  blastopore  is  closed,  and  the  eyes  are 
[iresent  in  the  normals  at  4  \^.  m.  0/15.  the  hybrids  have  reached  only  the 
stage  where  the  embryo  has  crept  ^  to  S  over  the  yolk. 


^^ 

1' 

ABLE  Z. 

Menidia 

NOTABA 

MbNIDIA  NOTATA 

Tiirt. 

X 

X 

Mknidia 

NOTATA. 

FCNDULUS  HETEROCLITrH. 

6.05  p.  M..  June  12. 

I-'ortilb.ation. 

Fertilization. 

7.35  p.  w.,  Juno  12. 

Besin.  2  cells. 

Begin.  2  cells. 

7.35  p.  M.,  June  12. 

Close  of  2  cellH. 

Close  of  2  cells. 

8.50  p.  u.,  June  12. 

Begin.  4  cells. 

Begin.  4  cells 

9.15  p.  M„  June  12. 

Close  of  4  cellf. 

Close  of  4  cells. 

9.26  p.  M.,  June  12. 

Begin.  8  celb. 

Begin.  8  cells. 

10.08  p.  M..  June  12. 

Clcse  8  pells. 

Close  8  cells. 

10.20  p.  M.,  June  12. 

Clone  16  celh. 

Close  16  cells. 

10.35  P  .M..  June  12. 

Close  16  celh. 

Close  16  cells. 

11.05  P.  M..  June  12. 

Close  32  cells. 

Clo.«  32  cells. 

5.55  A.  M.,  June  13. 

Early  cleavage. 

Pearly  cleavage. 

9.00  p.  If..  June  13. 

Germ  ring. 

Late  cleavage  and  germ  ring. 

9.00  A.  M.,  June  14. 

Oerm  ring  to  \  over 

yolk. 

Early  gastrula. 

1.30  p.  M.,  June  14. 

Begin,  gastrula  to  close  of  blaftto- 

Early  gastrula  to  \  over  yolk. 

pore. 

4.00  p.  M.,  June  15. 

Blastopore  closed  and  eyes  present. 

J  to  i  over  yolk. 

2.00  p.  M.,  Jane  17. 

Emb.  incompletely  formed,  0|»tic 
▼es.  showing. 

2.00  p.  M.,  June  18. 

No  further  along. 
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The  de>'elopment  during  the  cleavage  stages,  similar  to  the  reciprocal 
cross,  proceeds  normally.  It  is  only  in  the  subsequent  stages  that  the 
effect  of  hybridization  manifests  Itself.  This  shows  itself  for  one  thing  in 
the  great  irregularity  of  the  stages  at  a  given  moment  At  a  time  wheo 
some  of  the  eggs  have  pro(*epdod  as  far  as  they  will  go,  the  greater  number 
of  the  eggs  are  in  all  stagies,  back  to  the  close  of  cleavage.  This  is  much 
more  marked  than  in  the  recii)rocal8.  It  is  possible,  however,  that  this 
is  a  function  of  the  egg,  since  even  the  normals  show  a  considerably  greater 
number  of  stragglers  than  do  the  normal  Fundulus  eggs.  The  eggs  of 
this  species  are  evidently  Icfs  hardy  and  thus  may  lend  themselves  less 
perfectly  to  the  methods  used  in  rearing  them.  When  development  finally 
ceases  the  embryos  are.  for  the  most  part,  nearlng  the  closure  of  the  blasto- 
pore, the  more  successful  ones  showing  an  embryo  with  the  optic  vesicles, 
but  with  the  body  shorter  than  the  normals.  The  conditions  are  not  essOT- 
tially  different  from  that  des(*rll)ed  for  the  reciprocals,  except  that,  as  a 
whole,  the  development  gives  out  at  a  somewhat  earlier  period.  This,  as 
already  indicated,  is  possibly  due  to  the  less  hardy  condition  of  the  Menidin 
egg. 

Fundulus  helerorUtus,  female, 

X 

Mcnidia  gracilis,  male. 

Menidia  gracilis  is  distinguished  with  difficulty  from  Menldia  notata. 
except  in  its  smaller  size.    Three  experiments  were  made  with  this  cross. 
Tlie  percentage  of  etjgs  impregnated  was  as  follows: 

Ezperiment  119 93  per  cent. 

601 About  5  per  cent. 

503 81  percent. 

In  experiment  501  the  wet  method  was  employed  which  probably  is  re 
sponsible  for  the  low  percentage.  The  controls  with  normal  Fundulus  eggs 
fehowed  a  correspondingly  low  per  cent,  of  impregnation. 

The  number  of  dispermic  and  polyspennic  eggs  was  considerably  le.<s 
than  in  the  cross  with  Menidia  notata.  In  cxporlment  50;^,  the  |K^r  cent,  wns 
thirteen,  about  two-thirds  of  which  were  disiiermic. 

The  rate  of  development  and  tlic  stairo  at  which  it  slops  is  similar  to 
that  of  the  cross  with  Menidia  notata.  As  a  whole  the  number  of  ^gs  that 
successfully  effect  the  closure  of  the  blastopore  is  greater  and  the  embryo? 
vary  considerably  less  in  their  lengths,  approaching  more  nearly  to  the  nor- 
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mals.  The  rudiments  of  the  eye  are  present.  The  reciprocal  of  this  cross 
was  not  attempted. 

In  this  cross  many  of  the  eggs  stop  their  development  at  the  closure  of 
the  blastophore  with  the  main  axis  of  the  embryo  iald  down.  Many  of  the 
eggs  continue  their  development  to  a  varying  degree  and  with  varying  nor- 
mality. None  of  them,  how**ver,  are  developed  In  a  i»erfectly  normal  man- 
ner. Among  these  embryos  which  live  for  a  week  or  ten  days,  the  most 
grotesque  features  api)ear.  The  yolk  and  embryo  become  pigmented,  often 
very  heavily,  though  not  normally.  On  the  yolk  the  pigment  cells  may  be 
quite  large,  or  quite  finely  branched,  and  they  are  likely  to  congregate  in 
certain  places.  Instead  of  having  a  distribution  such  as  is  found  on  the 
normal  embryo.  A  favorite  place  for  such  congregation  is  on  the  surface 
l)etween  the  very  large  pericardial  cavity  and  the  yolk  where  the  pigment 
cells  may  densely  cover  the  area.  In  the  embryo  the  distribution  of  the  pig- 
ment may  be  more  or  less  regular.  Thus  along  the  dorsal  side  two  rows 
may  appear  in  the  anterior  portion,  one  on  either  side,  these  converging  into 
a  single  median  band  running  well  out  towards  the  posterior  end.  Both 
kinds  of  pigment  cells,  red  and  black,  are  well  represented. 

The  heart  is  always  developed  in  these  embryos  and  usually  pulsates 
quite  vigorously.  The  excessive  development  of  the  pericardial  cavity  which 
usually  appears  as  a  large  clear  vesicle — sometimes  one-third  the  size  of 
the  yolk — has  the  effect  of  stretching  the  heart  out  to  a  great  length.  As  a 
consequence  a  curious  series  of  modifications  obtain  in  the  different  embryos, 
from  a  relatively  normal  heart,  although  always  more  or  less  elongated,  to 
strikingly  aberrant  conditions,  in  which  the  pulsating  portion  of  the  heart 
has  become  associated  with  the  yolk  bordering  on  the  lower  portion  of  the 
large  pericardial  cavity,  and  is  a  mere  mass  of  cells  without  apparent 
structure,  and  connected  with  the  upper  border  of  the  pericardial  cavity 
near  the  embryo,  by  an  extremely  slender  protoplasmic  thread.  No  lumen 
can  be  detected  in  either  portion  and  the  only  effect  of  the  rythmical  and 
vigorous  pulsations  of  the  lower  yolk  iwrtion  is  to  stretch  this  filament,  and 
pull  the  yolk  upwards  so  that  the  latter  rocks  continually.  The  usual  thing 
is  for  the  heart  to  develop  a  cavity  in  the  interior  and  the  peristaltic  pulsa- 
tions  pass  in  the  right  direction,  i.  e.,  toward  the  embryo.  Out  of  hundreds 
of  such  hearts,  many  of  them  relatively  normal,  which  I  have  examined, 
I  have  never  seen  one  carrying  blood,  certainly  not  blood  containing  red 
corpuscles.     In  regard  to  the  rest  of  the  circulatory  system  there  is  very 
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little  to  say  since  it  fails  to  develop.  I  have  never  seen  any  indication  of 
bloodvessels,  either  in  the  embryo  or  in  the  yolk  so  far  as  these  could  be 
made  out  by  circlulating  blood.  There  is  now  and  tlieu  an  embryo  that 
shows  what  seems,  from  surface  view,  a  little  lalvelet  of  blood.  No  corpus- 
cles, however,  can  be  seen,  and  I  think  they  are  only  accumulations  of  a 
pigment  of  seme  sort.  Nevertheless  a  considerable  portion  of  the  yolk  sub- 
stance is  absorbed.  This  is  transferred  to  the  embryo  by  probably  the  same 
method  as  is  employed  prior  to  the  development  of  the  vascular  system. 

The  l)ody  of  the  embryo  is  always  much  too  short  and  appears  heavy. 
The  tail  may  develop  to  a  considerable  iena:th,  and  in  the  more  successful 
individuals  may  show  the  caudal  fln-folds  with  fine  radiations.  The  body 
lacks  regularity  of  form  and  outline.  Muscle  segments  develop,  plainly 
marked  off  by  the  brown  pigment  deposits  along  their  borders.  The  muscle 
segments  are  active,  shown  by  the  frequent  movements  of  the  tail. 

The  eyes  may  be  developed  to  varying  degrees,  or  in  many  embryos 
there  is  no  indication  of  an  eye.  A  quite  common  condition  is  the  appear- 
ance of  only  a  single  eye.  Some  of  the  embryos  show  an  accumulation  of 
pigment  cells  either  in  two  patches  or  one,  which  because  of  their  location 
and  the  fact  that  they  are  in  rather  well-circumscribed  patches,  probably 
represent  the  eye.  Two  eyes  are  formed  in  many.  These  are  always  located 
far  forward,  so  that  they  seem  set  into  the  anterior  surface  of  the  head 
These  may  be  quite  large,  well  pigmented  and  showing  a  lens,  or  they  may 
be  smaller,  varying  to  a  condition  where  merely  two  small  pigment  areas 
are  located  on  the  very  extreme  anterior  tip  of  the  pointed  head. 

The  ear  vesicle  is  usually  formed.  In  the  place  where  the  vesicle  should 
be  there  is  commonly  formed,  in  the  older  embryos,  an  enlarged  vesicular 
structure.    This,  in  some  cases,  is  beyond  doubt  the  enlarged  ear  vesicle. 

The  embryos  gradually  die,  but  the  better  formed  ones  have  lived  for  rae 
for  ten  days  after  the  normals  had  hatched. 

Fuiiduluft  heteroclitus,  female, 

X 
Tautogolabru^  adspersuSj  male. 

This  cross  was  made  Ave  times.    The  percentage  of  impregnation  may 

l)e  almost  normal,  as  shown  in  exiieriment  36  in  the  following  table: 

Experiment  28b 65  per  cent. 

34b 17    •*    " 

36 90    "    " 

102b 35    ••    •• 
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Practically  all  of  the  eggs  were  normally  impregnated,  a  very  few  of 
the  eggs  fell  directly  Into  four  and  six  cells.  '1  he  rate  of  development  was 
the  same  as  the  normals,  until  the  later  stages,  when  the  hybrids  fell 
l»ehind,  as  shown  In  Table  3.  The  table  would  indicate  that  the  hybrids 
were  a  little  slower  in  their  cleavage,  but  this  is  so  slight  that  no  value 
can  l>e  placed  on  it,  considering  the  difficulty  in  telling  exactly  the  moment 
when  a  new  set  of  furrows  begin. 

Many  of  the  eggs  go  far  enough  to  form  the  embryonic  ring  and  the 
embryonic  shield.  The  protoplasm  continues  to  spread  over  the  yolk  until 
it  is  encompassed  about  two-thirds  the  way,  or  nearly  closed.  The  embryo, 
however,  does  not  form  in  the  shield  as  it  should.  I  have  seen  many  eggs 
forming  the  germ  ring  and  embryonic  shield  perfectly.  The  protoplasm 
continues  to  grow  over  the  yolk,  but  the  embryo  fails  to  develop  perfectly. 
It  is  usually  much  too  short  and  often  with  the  blastopore  about  closed, 
there  has  failed  to  develop  any  embryo  at  all  in  the  shield,  the  latter  re- 
maining a  mere  mass  of  cells. 


Tabi.f.  3. 

FUNDCLUS 

FUNDULUS 

X 

X 

FUNDULUS. 

Tautoolabbub. 

Fertilisation. 

9.30  a.  m.,  July  4, 

9.30  a.  m.,  July  4. 

Begin.  2  cells. 

11.17 

11.17 

Compl.  2  cells. 

11.35 

11.35 

Begin.  4  cella. 

11.50 

11.46 

Comp.  4  cells. 

12.20 

12.10 

Begin.  8  cells. 

12.25 

12.16 

Compl.  8  cells. 

12.45 

12.40 

Begin.  16  cells. 

12.50 

12.46 

Late  segment 

12.30  P.  M.,  July  5. 

12.30  P.  M.,  July  5. 

H  over  yoke. 

12.00  M.July  6. 

12.00  m.,  July  6. 

Blast,  closed. 

12.00  M.July  7. 

Had  stopped  in  previous  stage. 

No  embr>'o  differentiated. 

Tnutofjolahriift  ndspcrsuM.  female. 

X 
Fundulus  heterocUti(8,  male. 

This  cross  was  attempted  but  once  and  the  development  followed  to  the 

lt>-cell  stage.    Sixteen  per  cent,  of  the  eggs  were  impregnated.    The  rate  of 

development  compared  with  the  normals  is  given  in  the  table  below : 
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Time. 


Table  4. 


Tautoglabrub 
X 
Tautoolabrus. 


Tautoolabrus 
X 

FUNDULUS. 


9.30  p. 

M. 

.  July  4. 

10.30  p. 

M. 

.  July  4. 

10.45  p. 

M. 

.  July  4. 

10.50  p. 

M. 

.  July  4. 

11.00  P. 

M. 

.July  4. 

11.10  p. 

M. 

.July  4. 

11.15  p. 

M. 

.  July  4. 

11.30  p. 

M. 

,  July  4. 

11.55  P. 

U. 

,  July  4. 

Fertiliaed. 
Two  cells. 
Begin.  4  cells. 
W^l  along  in  4  cells. 
Close  of  4  cells. 
Well  begun  on  8  cells. 
Well  along  in  8  cells. 
Begin.  16  cells. 
16-f  cells. 


Fertilised. 
Two  cells. 
Close  of  2  cells. 
Begin.  4  cells. 
Well  along  in  4  cells. 
Close  of  4  cells. 
Begin.  8  cells. 
Close  of  8  cells. 
16+cells. 


Fundulus  heteroclitus,  female, 

X 
Tautoga  onitis,  male. 

The  percentage  of  e^gs  fertilized  in  the  three  experiments  made  was  as 

follows : 

Experiment  104. . 66  per  cent. 

108     40  "      •• 

506 26  "      '* 

It  is  not  probable  that  with  p(»rf('ctly  fresh  milt  the  percentage  would 
be  higher.  I  have  observed,  th^^  sex  products  of  both  sexes  in  this  si>ecles 
materially  deteriorate  upon  confinement  of  the  fish,  even  for  a  short  time. 
In  experiment  506  good  eggs  wire  used  and  perfectly  fresh  milt  in  abun- 
dance was  used.  Practically  all  of  the  fertilized  eggs  are  normally  impreg- 
nated.   In  experiment  506  every  impregnated  egg  was  normal. 

The  development  proceeds  in  the  same  manner  as  in  the  cross  between 
Fundulus  and  Tautoglabrus.  Most  of  the  eggs  form  a  definite  embryonic 
rim  and  an  apparently  normal  embryonic  shield,  but  even  though  they 
may  go  to  the  closure  of  tiie  blastopore,  the  embryo  is  always  much  too 
short,  never  exceeding  one-half  the  normal  length.  They  are  mostly  shorter 
than  this,  n  mere  thickened  mass  of  cells  develoix^d  in  the  embryonic  shield. 
In  some  cnsi^  the  blastopore  is  practically  closed,  surrounded  by  a  broad 
embryonic  rim  with  the  en)bryonic  siijeld  devoid  of  any  embryo, 
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Fundulus  heteroclitus,  female, 

X 
Gastero8tcu8  hispiiwsuSf  male. 

The  percentage  of  eggs  Impregnated  may  be  nearly  normal,  thus : 

Experiment   26d 86  per  cent. 

105d 18    "    '• 

A  very  few  of  the  eggs  may  be  polyspermlc.  The  details  of  the  de- 
velopment of  the  hybrid  and  the  normals  occur  in  the  table  following.  It 
will  be  noticed  that  the  developmental  processes  keep  apace  until  the  close 
of  cleavage.  During  the  formation  of  the  embryo  the  hybrids  fall  percep- 
tibly behind.  Most  of  the  eggs  go  to  the  closure  of  the  blastopore,  although 
this  is  accomplished  in  many  eggs  only  imperfectly.  The  embryos  are 
largely  shorter  than  the  normals.  The  details  of  development  are  item- 
ized in  Table  5. 

Table  5. 


Time. 

Fundulus  X  Fundulus. 

Fundulus  X  Ga8Tero8teu.«j. 

2.40  p.  M.,  June  30. 

Fertilization. 

Fertilization. 

5.00  r.  M.,  June  30. 

Well  along  in  2  cella. 

Well  along  in  2  cells. 

6.12  p.  M.,  Jane  30. 

Begin.  4  cells. 

Begin.  4  cells. 

5.57  p.  M.,  June  30. 

Still  in  4  cells. 

Begin.  8  cells. 

6.03  p.  M..  June  30. 

Just  begin.  8  cells. 

Mostly  well  along  in  8  cells. 

6.05  p.  M.,  June  30. 

Mostly  well  along  in  8  cells. 

Well  along  in  8  cells. 

11.00  A.  M.,  July  1. 

Toward  close  of  pegmentation. 

Toward  close  of  segmentation. 

12.30  p.m.  July  1.. 

Late  segmentation. 

Ivate  segmentation. 

1.30  p.  M.,  July  1. 

Begin,  gastrulation. 

Begin,  gastrulation. 

9.00  p.  M.,  July  1. 

i  over  yolk. 

J  over  yolk. 

11.00  A.  M.,  July  2. 

!  -H  over  yolk. 

Mostly  \  +  over  yolk. 

12.00     M.,  July  4. 

Embryos  formed,  brain  vesicles. 

Embryos  formed  but  no  indica- 

etc. 

tion  of  brain  vesicle,  etc. 

12.00      M..  July  7. 

Eyes  formed;  tall. 

About  same  as  in  previous  stage. 

Gaxtrrostcufi   binpinosuSf   female, 

X 
Fundulus  heterocUtus,  male. 

This  cross  was  made  three  times,  and  in  one  case  all  the  eggs  were 

impregnated.    There  is  the  same  high  mortality  usual  during  gastrulation 

In  these  hybrids.    Those  eggs  that  laid  down  the  embryo  showed  the  latter 

very  much  shortened  and  the  head  end  very  much  thickened,  many  of  the 

embryos  appearing  to  be  only  head-    Rudimentary  eyes  may  form.    Details 
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of  the  development  rate,  etc.,  in  the  normals  and  hybrids  are  included  in 
Table  6. 

Table  6. 


TntB. 


GASTBBOflTBUB  X  GASTSRonnns. 


GA8TBB0eTEU»  X  FUNDULUS. 


IM  9.  M.,  June  4. 

Fertilisati(». 

Fertilisation. 

Vn  p.  M.,  June  4. 

Two  cells. 

Two  cells. 

4J0  p.  Mm  June  4. 

In  4  cells. 

In  4  cells. 

4.46  f .  If .,  June  4. 

In  4  cells. 

In  4  cells. 

4.66  p.  M.,  June  4. 

Becun  on  8  cell«. 

Begun  (m  8  cells. 

6.16  P.  M.,  June  4. 

Close  of  8  cells. 

Close  of  8  cells. 

5.25  P.  M.,  June  4. 

Begin.  16  cells. 

Begin.  16  cells. 

6.06  P.  If ..  June  4. 

In  32  cells. 

In  32  cells. 

9.16  A.  If.,  June  6. 

Late  segmentation.    Disk  begin. 

Late    segmentation.    Disk     le«9 

to  spread.  '. 

spread  than  in  normals. 

11.40  A.  M..  June  5. 

Germ  ring  well  formed. 

No  indication  of  germ  ring. 

2.00  p.  M.,  June  6. 

Germ  ring  and  embryonic  shield. 

No  indication  of  germ  ring. 

7.00  p.  M.,  June  5. 

i  over  yolk. 

Germ  ring  and  shield  well  de- 
veloped. 

6 JO  A.  If.,  July  6. 

Blastopore  closed.    Embryo 
formed. 

i  to  1  over  yolk. 

8.00  A.  If.,  June  7. 

Embryo  developed  with  eyes, 

i  over  to  closure  of  blast.  Embryo 

brain,  etc. 

short  and  completely  formed. 

Fundulus  h€terocUtU8,  female, 

X 
8teno8tomus  chrysops,  male. 

In  this  cross  there  is  always  a  fairly  large  proportion  of  the  eggs 
fertilized.    The  per  cents  in  four  exiieriments  were  as  follows: 

Ezperimenis  103b 70  per  cent. 

106   40    ••      " 

122   30    "      " 

508   58    "      " 

There  is  usually  a  considerable  proportion  dl-  and  poly-spermic.  This 
amounted  to  18  per  cent,  and  20  per  cent,  in  two  experiments  In  which  the 
count  was  made.  The  eggs  would  develop  to  the  closure  of  the  blastopore 
with  the  embryo  too  short  though  considerably  better  formed  than  in  the 
cross  Fundulus  heteroclitus  and  Tautogolabrus  adspersus.  The  embryo  in 
some  cases  may  be  two-thirds  normal  length,  with  the  blastopore  remaining 
a  rather  large  oval  or  slit  Quite  a  variety  of  conditions  in  blastopore 
closure  obtain  here,  but  do  not  merit  detailed  description.  The  relative  rate 
of  development  for  the  normals  and  hybrids  is  detailed  in  Table  7. 
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Tablb7. 


Ton. 

FUNDULUfl  X   FXTNDULUB. 

FUNDULUS   X   SraNOflVOMTia. 

10.60  A.  M.,  July  11. 

Fertilisation. 

11.87  A.M..  July  11. 

Beipn.  2  cells. 

Begin.  2  cells. 

11.65  A.  M.,  July  U. 

Compl.  2  oelb. 

Compl.  2  cells. 

13.06  p.  M.,  July  11. 

Begin.  4  cells. 

Begin.  4  celU. 

12.36  F.  M..  July  11. 

Compl.  4  cells. 

Compl.  4  cells. 

12.40  p.  M..  July  11. 

Begin.  8  cells. 

Begin.  8  cells. 

1.00  p.  M.,  July  11. 

Compl.  8  cells. 

Compl.  8  cells. 

1.06  P.  M..  July  11. 

Begin.  16  cells. 

Begin.  16  cells. 

11.00  p.  M..  July  12. 

Late  cleavage. 

Late  cleavage. 

1.26  P.  u.,  July  12. 

Well  developed 
shield  i  over. 

germ 

ring  and 

Some  begin,  oi  germ  ring. 

3.30  p.  M ..  July  12. 

i  over  yolk. 

i  over  yolk. 

7.20  p.  M.,  July  12. 

I  over  yolk. 

1  over  yolk. 

8.00  A.  M..  July  13. 

Blast,  closed. 

Most    nearly    dosed.    Embrsros 
too  short.                            ^ 

1.00  p.  M..  July  13. 

No  further  alcMig.                    ,  Q^' 

Fundulua  heteroclitua,  female, 

X 

Eupotnotis  gihbosus,  male. 

This  cross  was  attempted  six  times,  only  three  of  which  were  success- 
ful. The  number  of  eggs  impregnated  each  time  was  very  small.  I  do 
not  think  this  was  due  to  the  condition  of  the  milt,  because  an  abundance  of 
apparently  good  milt  was  used.  The  dry  method  was  used  and  the  eggs 
kept  in  fresh  water. 

Experiment   7 liOss  than  1  per  cent. 

«•  Q  (t  <(  I         <•         <• 

•  I  91  **         "       1      "      ** 

The  eggs  were  followed  to  about  one-third  to  one-half  over  the  yolk 
when  they  stopped  development.  An  embryonic  ring  and  shield  were  devel- 
oped, but  the  protoplasm  did  not  look  normal  even  in  earlier  stages  of  gas- 
trulatlon  showing  a  relatively  opaque  appearance  compared  with  normal 

The  reciprocal  of  this  cross  was  not  attempted  owing  to  a  failure  to  get 
ripe  eggs  of  the  sunfish. 
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Fundulus  heieroclitus,  female. 

X 
Fundulus  didii.'.unuSf  male. 

Fundulus  dinphnnus  was  obtained  from  a  fresh  water  lake,  aud  was 
crossed  many  tluies  in  both  directions  with  Fundulus  heteroclltus.  In  the 
present  cross  I  was  never  able  to  get  a  higher  degree  of  impregnation  thau 
80  per  cent.  Often  I  falknl  altogether  aud  usually  there  was  only  an  occa- 
sional fertilized  egg — less  than  1  per  cent  This  may  have  been  due  partly 
to  the  difficulty  of  getting  enough  good  milt.  In  one  instance  I  found  about 
one-half  of  the  eggs  polyspermlc.  The  eggs  develop  along  in  a  normal 
fashion,  going  somewhat  slower  in  the  later  stages,  and  hatch.  I  have 
reared  some  of  the  embryos  for  two  weeks  and  they  seemed  perfectly 
active  aud  otherwise  normal.  The  eggs  were  reared  in  both  fresh  and  sea 
water. 

Fundulus  diaphanus,  female, 

X 

Fundulus  h€i( .  c-litus,  male. 

When  Fundulus  diaphanus  is  used  as  the  female  nearly  all  of  the  ejrgs 
may  be  impregnated.    Thus: 

Experiment   6b Nearly  100  per  cent. 

••  I3a "        62   **      " 

18a ••        91    ••      " 

The  eggs  are  practically  all  normally  fertilized  and  hatched.  These  1 
have  reared  for  twenty-two  days  after  hatching. 

Fundulus  heteroclitus,  female, 

X 
Cynoscion  regalia,   male. 

The  eggs  of  Fundulus  are  fertilized  as  perfectly  with  the  sperm  of  the 
Squetegue  as  with  its  own  milt.    Thus : 

Experiment  513 92  per  cent. 

614 90 


<« 


Only  about  2  per  cent,  of  the  e^jjs  are  polysi»iprmic.    A  tabulated  outline 
of  the  development  compared  with  the  normal  is  as  follows: 


Tablk  8. 
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TiMB. 

FUNDULUa   X    FUNDULUH. 

FUNDULUB   X    SqUBTBOUK. 

3.40  p.  M.,  July  17. 

Fertilizution. 

Fertilisation. 

5.60  P.  M..  July  17. 

2oellfl. 

2  cells. 

6.35  p.  M..  July  17. 

4celUi. 

4  cells. 

7.25  p.  u.,  July  17. 

8  cells. 

8  cells. 

7.45  p.  M.,  July  17. 

Begin.  16  cells. 

Begin.  16  cells. 

8.10  A.  M.,  July  18. 

Late  cleavage. 

Late  cleavage. 

12.20  p.  M..  July  18. 

B^n.  germ  ring. 

Begin,  germ  ring. 

7.00  P.  M.,  July  18. 

i  over  yolk. 

Germ  ring;  i  to  i  over. 

8.15  A.  M.,  July  19. 

Blast,    closed:     optic     vetdclra 

Blast,  closed;  optic  vesicles  po3rly 

plainly  formed. 

formed  notocord;  somites.  Be- 
hind normals. 

2.16  p.  M..  July  19. 

Optic  vesicles  and  lens;    brown 

Optic  vesicles  showing;    behind 

parts  showing. 

normals. 

Hatched. 

No  further  along. 

The  embryos  may  eoutiuue  their  doveloimient  to  a  stage  where  the  eyes, 
heart,  ear  vesicles,  tail,  etc.,  are  more  or  less  well  formed.  At  this  stage 
tliey  remain  alive  until  about  the  time  that  the  normals  hatch. 

None  of  the  embryos  are  formed  even  approximately  normal.  The  indi- 
vidnal  dlflPerences  are  so  great  that  a  description  of  different  forms  would 
be  of  no  avail.  A  brief  description  of  one  of  the  poorer  embryos  is  as 
follows:  The  embryo  may  form  a  mere  mass  of  cells  so  far  as  external 
appearances  go.  This  embryo  becomes  pigmented  with  many  pigment  cells 
which  are  highly  branched.  It  is  bilaterally  symmetrical  in  form,  but  the 
distribution  of  the  pigment  cells  only  slightly  indicates  this.  In  this  em- 
bryo there  was  no  definitely  differentiated  heart,  but  beneath  and  about  one- 
third  the  distance  back  from  the  anterior  end,  a  mass  of  cells  could  be  seen 
regularly  pulsating.  Just  above  the  heart-mass  a  vesicle  occurred  which 
I  take  to  be  the  ear.  There  was  no  indication  of  a  tail.  I  repeatedly  ob- 
served the  embryo  bend  itself  from  side  to  side  so  that  there  were  prob- 
ably muscle  tissues  formed  on  both  sides.  This  particular  embryo  died  nine 
days  after  fertilization. 

One  of  the  best  formed  embryos  may  now  be  described.  Two  eyes  are 
formed,  although  much  too  small,  poorly  pigmented,  without  a  lens  and  set 
into  the  anterior  surface.  Extending  out  on  either  side  is  a  large  vesicle 
which  is  probably  an  hypertrophied  ear  vesicle.    A  pretty  well  developed 

[24—26988] 
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tail  is  sliown.  Notoeord  and  muscles  are  developed.  A  long  tubular  beart 
extends  across  the  rather  large  pericardial  sac.  The  body  shows  many 
finely  divided  pigment  cells.  These  show,  in  general,  a  bilateral  distribution. 
Kven  this  eml>ryo  is  considerably  too  short  The  contractions  of  the  body 
are  vigorous  and  frequent.  The^  heart  beats  considerably  slower  than  the 
normal.    This  embryo  lived  until  the  normals  had  hatched. 

The  development  of  eyes,  as  in  the  preceding  embryo,  is  uncommon. 
There  are  often  pigmented  areas  which  are  probably  the  representatiTes  of 
this  organ,  but  no  definite  vesicles  or  cups.  In  many  of  the  embryos  the 
anterior  end  is  occupied  by  enlarged  vesicles  which  is  more  or  less  heavily 
pigmented. 

All  the  embryos  are  too  short,  many  of  them  mere  short  masses  of  cells 
without  any  caudal  elongation  at  all.  They  are  all  highly  pigmented,  the 
prevailing  color  being  a  reddish-brown.  These  cells  are  as  a  rule  very  finely 
divided.  The  dark  pigment  cells  are  I'elatively  few  in  number  and  are, 
as  a  whole,  much  less  finely  branched.  1  have  never  been  able  to  see  any 
bloodvessels  that  were  carrying  blood.  In  a  few  instances  irregular  lakelets, 
reddish  in  color,  appeared,  but  I  have  been  unable  to  detect  any  corpuscles 
in  them. 

In  addition  to  the  above  crosses  it  seems  worth  while  to  include  the 
other  crosses  effected.  To  these  much  less  attention  was  given  so  that  in  a 
description  of  them  cnly  such  points  as  seem  relevant  will  be  given. 

Crosses  uHth  Gasterosteus  hispinosus. 

Besides  the  crosses  already  described  between  Gasterosteus  bispinosns 
and  Fundulus  heteroclitus,  the  following  were  attempted : 

Oasterostcvs  hispinctiius,  female, 

X 

Apeltes  quadracus,  male. 

In  the  single  attempt  to  make  this  cross,  only  17  per  cent  of  the  eggs 
were  impregnated.  The  eggs  from  a  single  female  were  used.  It  is  probable 
that  further  attempts  with  more  favorable  females  would  yield  a  greater 
per  cent  of  impregnation.  The  fertilized  eggs  were  normally  impregnated. 
After  the  cleavage  stages  the  hybrids  fell  behind  the  normals  so  that  while 
the  latter  had  closed  the  blastopore,  the  hybrids  had  encompassed  the  yolk 
about  three- fourths  of  the  way.  Seven  embryos  were  hatched  and  w«re  in 
an  apparently  normal  condition.     These  were  kept  alive  for  four  day& 
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A  smaller  proportion  of  the  embryos  failed  to  emerge  from  the  membranes. 
These  were  helped  out  but  showed  the  coiled  tail  so  common  among  fish 
embryos  that  seem  to  have  thrived  poorly.  The  hybrids,  however,  appeared 
less  healthy  than  a  lot  of  nonoals  that  were  fertilized  at  the  same  time, 
and  kept  under  the  same  conditions.  These  mostly  lived  three  and  four 
days  longer.  As  far  as  can  be  judged  from  this  single  experiment,  it  is 
doubtful  whether  many  of  these  hybrids,  even  with  the  care  and  proper  con- 
ditions supplied,  could  be  successfully  reared. 

Apeltes  quadracus,  female, 

X 

G(i8tero8teu8  bispinosus,  male. 

Two  tests  were  made.  In  one  of  them  18  per  cent  of  the  eggs  were 
impregnated.  The  embryos  showed  the  usual  slowing  in  the  rate  of  de- 
velopment after  close  of  cleavage.  The  development  went  to  the  stage  of 
batching,  two  emerging  but  showing  little  vigor.  They  died  after  the  sec- 
ond day  of  emergence.  The  embryos  that  failed  to  emerge,  for  the  most 
part  lived  as  long  as  the  two  which  had  hatched.  The  success  of  this  cross 
is  probably  the  same  as  that  of  the  reciprocal. 

GiisUrosteus  biapinosus,  female, 

X 
Menidia  notata,  male. 

The  eggs  of  this  stickleback  are  practically  all  impregnated  when  place<l 
with  Menidia  sperm.  In  the  two  experiments  tried,  100  per  cent,  and  70 
per  cent,  were  fertilized.  A  small  per  cent,  of  these  are  polyspermlc.  The 
development  keeps  well  apace  with  the  normals  until  toward  the  closure 
of  the  blastopore.  The  embryo  is  laid  down,  the  eyes  are  formed,  but  the 
anterior  region  of  body  is  quite  heavy.  Pigment  foiius  and  the  heart  is  de- 
veloped. I  have  never  seen  fins  form  in  these  hybrids.  The  embryos  soon 
die,  owing  possibly  to  the  fact  that  the  eggs  even  norninlly  do  not  do  well 
in  a  fingerbowl  of  water. 

Menidia  notatay  female, 

X 
Oasterosteus  hUpinosus,  male. 

This  cross  was  made  but  once.  All  of  the  eggs  were  fertilized.  The 
development  was  followed  to  the  closure  of  the  blastopore.    They  doubtless 
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develoijed  further  since  my  notes,  at  this  stage,  show  them  to  be  in  a  good 
condition. 

Gasterost€U8  bispino^,  female, 

X 
Menidia  gracilis,  male. 

In  two  of  the  three  experiments  made  with  this  cross,  practically  100 
per  cent,  of  the  eggs  were  normally  impregnated.  The  eggs  develop  at  the 
same  rate  as  the  normals  until  the  latter  half  of  gastrulation,  when  the 
hybrids  fall  behind.  Most  of  the  eggs  form  embryos.  These  are  short,  with 
heavy  anterior  portion.  The  posterior  one-half  or  one-third  of  embryo 
remains  quite  rudimentary.  The  anterior  enlarged  end  develops  eyes  that  in 
the  earlier  stages  are  apparently  normal.  The  heart  is  formed  and  pul- 
sates.   I  have  kept  these  embryos  alive  for  five  days. 

Gastcrotitcuft  hispinosuif,  female, 

X 
Tautoga  onitis.  male. 

Practically  100  per  cent,  of  the  eggs  were  normally  fertilized  in  the 
single  cross  made.  The  eggs  show  the  usual  slowing  in  development  at  the 
close  of  segmentation.  About  50  per  cent,  of  the  embryos  died  at  a  stage 
when  gastrulation  was  from  one-third  to  one-half  completed.  The  remainder 
more  or  less  completely  closed  the  blastopore.  The  anterior  portion  of 
embryo  is  heavy.  No  eyes  and  heart  were  observed.  The  embryos  died 
three  days  after  closure  of  the  blastoiwre. 

Gasterostcus  bisjtinofius,  female, 

X 
Tautoglahrus  adspersvs,  male. 

Seventy-four  per  cent,  in  one  experiment  and  practically  100  per  cent, 
in  the  other  were  normally  impregnated.  The  embryos  develoi^ed  more  suc- 
cessfully than  when  Tautoga  was  used  as  the.  male.  A  large  per  cent,  of 
the  eggs  attempted  to  close  the  blastopore.  The  anterior  end  of  embryo  was 
large,  eyes  and  heart  were  developed  but  not  normally.  The  embryos  lived 
for  five  days  in  this  condition. 

Menidia  Hotata,  female, 

X 
Tautoga  onitis,  male. 

Eighty  per  cent,  of  all  the  eggs  were  normally  fertilized.    The  embryos 
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were  followed  to  the  closure  of  the  blastopore.    The  embryos  were  shorter 
than  normals. 

Tautoga  onitiSf  female, 

X 
Menidia  notata,  male. 

In  this  cross  tK)  per  cent,  of  the  eggs  were  Impregnated.  Some  dispermy 
and  polyspermy  occurred.  There  was  a  heavy  mortality  at  the  germ  ring 
stage  and  subsequently.  The  ring  spread  about  two-thirds  o\^r  the  yolk 
in  some  of  them,  when  owing  probably  to  bad  conditions,  all  died. 

Fundulus  diaphanus,  female, 

X 
Eupomotis  gihhosas,  male. 

The  cross  between  the  fresh  water  Fundulus  and  Eupomotis  is  from  the 
standpoint  of  Impregnation,  much  more  successful  than  when  the  egg  of 
Fundulus  heteroclitus  is  used.  The  percentage  of  eggs  fertilized  may  be 
as  high  as  70  per  cent. 

ExperimeDt  12  66  per  cent. 

17a n  ••      " 

18b ' 70  ••      •• 

22a 23  ••      •• 

I  have  always  found  a  considerable  number  of  imperfect  eggs  which 
accounts  in  a  measure  for  the  usual  low  per  cent,  of  eggs  fertilized.  A  par- 
ticularly large  number  occurred  in  Example  17a.  A  few  of  the  eggs  are 
polyspermic  in  each  experiment,  probably,  however,  not  many  more  than  in 
the  normals,  where  there  may  be  as  many  as  5  per  cent  polyspermic.  The 
development  stops  when  the  protoplasm  has  spread  about  one-half  over 
the  yolk.  Embryonic  ring  and  shield  are  formed,  but  very  little  evidence  of 
embryonic  different  la  t  ion  being  shown  In  the  shield.  The  protoplasm  looks 
granular  and  opaque  instiead  of  clear,  as  in  the  normals. 

Opsannx  tan,  female, 

X 
Fundulus  heteroclilus,  male. 

In  the  one  experiment  made,  twenty-one  out  of  thirty-seven  eggs  were 
found  in  the  2  and  4-celled  stage  eight  hours  and  twenty-five  minutes  after 
(ertilizatiou.  A  few  of  the  eggs  were  polyspermic.  They  were  followed  to 
later  cleavage. 
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Opsanns  tau,  femak*. 

X 
Tautogoluhrns  adftpcrHUH.  male. 

One  out  of  thirbeen  eggs  was  impregnated  in  the  single  experiment. 
The  rate  of  cleavage  was  the  same  as  in  the  above  cross. 

Opsanus  tan,  female, 

X 
Mcnidia  ruttata,  male. 

Thirteen  out  of  seventet^n  eggs  wore  inipregnatetl.  None  of  the  eggs 
were  polyspennie.  The  cleavage  rate  was  the  same  as  the  Opsanus  X 
Fundulus  cross  listed  above. 

The  reciprocals  of  the  above  named  three  crosses  with  Opsanus  tau  eggs 
were  attempted  but  without  success.  This  was  doubtless  due  to  the  unrii)e 
condition  of  the  T'psnnus  tau  milt,  since  I  was  also  unsuccessful  in  obtaining 
normals. 

In  addition  to  the  crosses  detailed  above  the  following  were  also  ef- 
fected (See  Table  0)  : 

Fundulus  heteroclitus  ?  X  Apeltes  quadracus  c?. 

Tautoga  onitis  9  X  TautogolaSrus  adspersus  (f. 

Tautogolabrus  adspersus  9  X  Tautoga  onitis  cf . 

Coregonus  clupeiformis  ?  X  Argyrosumus  artedi  rf. 

Argyrosomus  artedi  ?  X  Coregonus  clupeiformis  cf . 

Cristivomer  namaycush  9  X  Salvelinus  fontinalis  (f. 
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SUMMARY  OF  EXPERIMENTS. 

INTRODUCTORY. 

In  the  preceding  detailed  account  of  the  various  crosses  effected  are 
included  combinations  between  forms  of  teleosts,  ranging  from  closely  re- 
lated species  within  the  same  genus  to  species  belonging  to  widely  separated 
orders.  Their  rehitionshi[)s  are  sun)Uiarizcil  below,  the  figures  set  opiwsite 
c;ich  indicating  the  number  of  different  combinations  made  in  each  group :' 

Between  different  upecies  of  same  genus 2 

genera  of  same  family 4 

families  of  same  order I 

orders  of  same  class 17 


It  ti 


!• 


A  number  of  interesting  facts  appear  from  the  at)ove  table  and  from  a 
closer  Inspection  of  the  more  detailed  Table  9.  In  all  the  crosses  attempted 
with  the  exception  of  the  cross  in  which  Ojjsanus  tau  was  used  as  the  male. 
Inii^regnation  was  i>ossible.  The  si)erm  of  the  single  Opsanus  tau  siiecimeu 
used  was  not  ripe  in  the  three  combinations  attempted,  so  that  it  Is  impossi- 
ble to  say  whether  these  crosses  are  possible. 

CHARACTKJl   OF  IMrREONATlO.V. 

In  many  of  the  crosses  the  impregnation  was  wholly  normal.  In  some 
there  was  in  addition  to  the  normally-  impregnated  eggs,  a  varying  number 
of  dlspermlc  and  polyspermic  Impregnations.  Among  the  abnormally  Im- 
pregnated eggs  the  dlspermlc  was  very  much  more  common  than  the  poly- 
spermic condition.  In  the  disiiermic  eggs  the  protoplasmic  disc,  as  is  well 
known,  falls  at  once  Into  four  cells.  Sections  of  these  conditions  show  that 
two  male  pronuclei  fuse  with  the  egg  pronucleus ;  whether  additional  s|>erm  i- 
tozoa  enter  such  eggs,  but  remain  functlonless  so  far  as  early  cleavage  Is 
concerned,  1  am  not  able  to  say.  In  the  i>olyspermlc  eggs  the  protoplasm 
f Jills  at  once  into  six  or  more  cells.  The  cases  coming  under  my  observa- 
tion in  which  many  cells  at  once  appeared,  have  been  rather  rare. 

PERCENTAGE  OF   FERTIFJZATION. 

A  Striking  fact  Is  the  large  i)ercentage  of  eggs  Impregnated.  In  fully 
two-thirds  of  the  crosses  this  ran  above  50  i>er  cent.,  and  in  many  of  the 
combinations  It  ran  above  75  per  cent.  A  glance  at  Table  9  will  show  that 
this  is  not  in  any  way  correlated  with  the  nearness  of  relationship. 


*  This  Ib  represented  In  more  detailed  form  in  Table  9. 
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The  low  percentage  of  Impregnation,  on  the  other  hand,  must  be  re- 
garded In  most  cases,  I  feel  sure,  as  due  to  anfavonihle  conditions  of  the 
uiilt,  and  in  some  cases  to  the  unripe  condition  of  the  eggs.  Males  that 
have  passed  the  height  of  their  breeding  season,  or  which  may  have  been 
less  able  to  endure  the  conditions  of  confinement  in  aquaria  usually  show  a 
reduced  fertilizing  power  compared  to  perfectly  fresh  and  ripe  individual. 
The  testes  were  In  all  the  experiments  cut  out,  so  that  it  is  quite  probable 
that  in  many  cases  imperfect  milt  was  used.  I  was,  furthermore,  not  able  to 
establish  any  constant  diflTerence  In  the  percentage  of  impregnations  in  re- 
ciprocals. Allowing  for  the  influence  of  the  condition  of  the  milt  in  deter- 
mining the  percentage  of  impregnation,  in  all  cases  where  a  fair  trial  was 
made  in  reciprocal  crossing  of  two  species  it  was  approximately  as  high  in 
one  direction  as  the  other.  It  is  interesting  to  note  here  that  Kammerer 
07  using  fresh  water  fishes,  found,  among  the  few  forms  he  used,  two  crosses, 
Perea  fluviatllls  x  Acerina  schraetser  and  Lucloperca  sandra  x  Perca  fluvia- 
tilis,  in  which  it  was  possible  to  Impregnate  when  the  first  named  In  each 
case  was  the  male,  but  not  if  female.  It  is  also  impossible  to  fertilize  the 
eggs  of  Aspro  zingel  with  the  milt  from  the  following  nearly  related  forms : 
Perca  fluviatllls,  Lucloperca  sandra  and  Acerina  sp?,  but  was  able  to  fer- 
tilize them  with  the  milt  from  the  distantly  related  form  Cottus  gobio.  It 
would  seem  from  these  experiments  that  fresh  water  fishes  lend  themselves 
less  generally  to  hybridization  than* the  marine  species, 

Kammerer's  statement  that  the  eggs  of  Aspro  zingel  are  fertile  to  the 
sperm  of  the  distantly  related  form  Cottus  goblo  when  they  were  immune 
to  the  three  nearly  related  forms  above  indicated,  because  Cottus  had  a 
similar  habitat,  and  had  with  this  also  acquired  the  power  to  fertilize  this 
species  Is,  of  course,  a  mere  fancy.  If  he  had  tried  to  cross  this  form  with 
other  distantly  related  forms  he  would  probably  have  found  that  they,  too, 
would  fertilize  the  eggs  regardless  of  their  habitat  relationship. 

DEViXOPMENT. 

In  my  study  of  the  development  of  these  various  hybrids  I  have  not 
attempted  to  get  a  complete  morphological  picture,  nor  have  I  paid  much 
attention  to  the  Inheritance  aspect.  I  have  regarded  development  rather 
from  a  phjrslologlcal  standpoint.  The  main  points  of  Interest,  therefore, 
have  been,  first,  how  generally  and  within  what  limits  can  the  sex-products 
of  the  various  forms  of  teleosts  be  grafted  upon  each  other,  so  to  speak, 
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and  start  development  Second,  How  far  will  development  proceed  in  the 
various  combinations,  and  in  what  respects  are  the  processes  normal  and 
abnormal? 

In  every  combination  effected  the  earlier  phases  of  cleavage  are  passed 
through  In  a  jjerfectly  normal  manner.    The  same  is  true  of  the  later  stages 
of  cleavage  excepting  the  rate  of  develoi)meut.    This  will  be  further  consid- 
ered below.    From  the  late  cleavage  on,  the  history  of  the  different  hybrids 
becomes  much  more  varied.    In  those  hybrids  resulting  from  species  nearly 
related — belonging  to  the  same  genus  or  to  closely  allied  genera — most  of 
the  embryos  may  complete  their  development  to  the  point  of  hatching,  or 
beyond.    Even  among  these,  however,  a  number  variable  but  much  greater 
than  in  normal  embryos,  may  show  abnormalities  along  the  course  of  their 
development,  such  as  occur  more  abundantly  In  the  hybrids  between  more 
distantly  related  forms.     Hybrids  between  species  more  distantly  related 
than  above  indicated,  so  far  as  my  experiments  go,  never  complete  their  de- 
velopment to  the  point  of  hatching.    The  stage  to  which  they  will  go  dei>ends 
again  upon  the  nearness  of  their  relationship.     In  the  more  successful  of 
such  distant  crosses  Fundulus-Menidla  hybrids,  many  of  the  embryos  may 
go  far  enough  to  form  fairly  well  developed  eyes,  ear  vesicles,  tall,  muscles, 
central  nervous  system,  heart,  color  patern,  fins,  etc.,  but  many  of  these 
structures  In  the  later  stages  are  variously  abnormal.    A  large  proportion  of 
all  the  embryos,  however,  fail  to  reach  fluch  advanced  stage.     From  these 
hybrids  we  have  almost  every  condition  to  such  as  obtains  in  the  hybrids 
between  Fundulus  heteroclltus  x  Tautogolabrus  adspersus,  where  none  of 
the  embryos  go  much  beyond  the  closure  of  the  blustoiiore,  and  where  it  is 
not  possible  to  speak  of  the  formation  of  organs.    The  more  characteristic 
and  striking  abnormalities  appearing  beyond  the  cleavage  stage  in  these 
various  hybrids  riiay  be  briefly  considered. 

In  the  iQKt  stages  of  cleavage  and  during  the  earlier  phases  of  germ 
ring  formation  It  is  usually  not  possible  to  distinguish  the  hybrids  from  the 
normals  excepting  In  the  stage  of  advancement  In  some  combinations,  such 
as  Fundulus  heteroclltus  x  Tautogolabrus  adspersus,  etc.,  one  can  very  com- 
monly see  tlie  formation  of  a  rather  large  clear  area  under  the  blastodlsc 
which  is  filled  v/ith  a  clear  fluid.  I  have  followed  such  ^gs  and  they  do 
not  bring  their  development  to  as  advanced  a  stage  as  those  eggs  of  the 
same  lots  that  do  not  show  this  abnormality.  They  may  form  a  very  gooil 
embryonic  ring  and  shield  and  may  overlap  the  yolk  for  a  third  of  the  way 
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and  there  die.  In  a  few  cases  the  vesicle  was  observed  to  be  so  large  as  to 
act  as  the  yolk  ball  so  that  the  protoplasm  attempted  to  encompass  it. 

Embryonic  shield  might  form  and  even  lay  down  the  axis  of  the  embryo. 
These,  like  the  above,  soon  died.  In  all  hybrid  eggs,  but  particularly  those 
obtained  from  distantly  related  species,  the  period  of  gastrulation  is  one  of 
great  mortality.  The  »?mbryos  usually  enter  upon  the  germ  ring  and  shield 
stage  rather  normally  and  simultaneously,  but  from  this  period  to  the 
closure  of  the  blastopore  the  greatest  variation  in  stages  obtains.  In  some 
of  the  less  successful  crosses  most  of  the  eggs  never  succeed  in  properly 
closing  the  blastopore,  but  come  to  a  standstill  so  far  as  this  process  is  con- 
cerned at  various  stages,  and  continue  the  rudimentary  formation  of  an 
embryo  in  the  embryonic  shield. 

These  aborted  embryos  may  In  some  cases  remain  alive  for  days,  devel- 
oping pigment,  a  rudimentary  heart,  pericardial  cavity,  etc. 

A  very  common  deformity  in  the  more  successful  embryos  is  the  failure 
of  the  tail  to  bud  out  so  that  the  embryos,  very  generally,  are  too  short.  A 
striking  instance  of  this  fact  appeared  in  the  hybrids  between  Savelinus 
fontinalis,  female,  and  Cristivomor  namaycush,  male.  This  cross  is  quite 
successful,  and  the  writer  has  succeeded  in  rearing  2,300  of  them  to  finger- 
lings.  Among  this  lot,  a  very  large  per  cent  were  deformed,  and  in  every 
instance  the  deformity  occurred  in  the  region  posterior  to  the  anus.  The 
portion  anterior  to  the  anus  was  normal  in  every  way  so  far  as  proportions 
are  concerned.  The  same  is  true  of  the  caudal  fin.  But  the  region  between 
this  and  the  anu?*  showed  all  degrees  of  shortening,  the  extremes  appearing 
as  if  tlie  caudal  fin  were  directly  set  into  the  body  of  the  fish.  The  anal  fin 
was  often  wanting  altogether,  even  in  some  that  had  the  caudal  peduncle 
otherwise  normally  developed.*  This  process  of  the  eloflgation  of  the  caudal 
end  of  the  embryo  seems  evidently  a  difficult  one,  giving  rise  to  the  common 
abnormalities  in  this  region.  In  those  crosses  where  a  portion  of  the 
embryos  succeed  in  laying  down  the  fundamental  organs  such  as  the  eyes, 
ears,  brain,  heart,  muscles,  etc.,  promise  well  to  carry  their  development  to 
completion.  In  every  instance,  however,  regardless  of  how  normal  the 
crganogenetic  processes  may  at  first  be,  they  show  a  very  clearly  defined 
abortive  influence  in  a  short  time.  This  begins  to  show  itself  shortly  after 
the  time  when  the  circulation  is  establislied  in  the  normal  embryo.  This 
falls  to  develop  properly  in  all  these  hybrids  that  foil  to  complete  their  de- 


^  A  detailed  description  of  these  hybrids  arc  reviewed  In  a  separate  paper. 
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velc^ment.  The  heart  usually'  differentiates  and  a  pericardial  cavity  forms 
which  commonly  distends  to  enormous  proportions.  This  has  the  effect  of 
deforming  the  heart  usually  into  a  much  elongated  structure.  The  yolk  and 
the  embryo  may  in  some  instances  differentiate  blood  vessels,  but  I  have 
only  in  one  instance  observed  either  the  heart  or  blood  vessels  handling  any 
blood.  The  result  of  this  is  that  the  embryo  which  may  up  to  this  period 
be  quite  normal  in  its  developmental  processes,  has  its  food  restricted  to 
what  may  be  directly  absorbed  from  the  yolk  through  other  agents  than  the 
blood.  That  the  embryo  does  thus  obtain  some  food  is  evident  from  the 
progressive  reduction  of  the  yolk  and  the  increased  size,  and  the  long  con- 
tinued life  of  the  embryo. 

The  eyes  in  rare  cases  may  be  quite  normal.  From  this  condition  all 
degrees  of  abnormalities  obtain.  The  eyes  are  commonly  too  small,  located 
too  far  forward  and  too  low  down.  Often  an  eye  is  devel<^)ed  only  on  one 
side.  The  eye  may  be  rudimentary  to  the  extent  of  being  only  a  large  black 
pigmented  area  in  the  region  of  the  forebrain.  A  large  proportion  of  the 
embryo  develop  no  indication  of  an  eye. 

The  ear  may  develop  as  a  vesicle  which  in  some  cases  shows  otoliths^ 
Commonly  this  vesicle  biK-omes  nmst  distended,  appearing  as  a  prominent 
projection  on  either  side.    The  ear  less  frequently  appears  than  the  eye. 

The  central  nervous  system  may  be  laid  down,  the  brain  even  showing; 
some  of  the  primary  divisions  in  the  more  successful  embryos. 

The  notocord  is  commonly  present.  The  embryos  may  develop  a  varying 
number  of  somites,  and  quite  commonly  when  these  are  present,  some  of 
the  cells  become  contractile  so  that  the  whole  embryo  undergoes  movements. 

The  fins  rarely  appear,  but  in  some  instances  the  pectoral  fins  may  be 
ranch  larger  than  In  the  normal  fish. 

If  an  embryo  Is  laid  <lown  at  all  it  rarely  occurs  that  pigment  does  not 
develop,  both  on  the  yolk  and  in  the  body  of  the  embryo.  In  some  eases 
this  may  be  quite  heavily  developed,  showing  accumulations  of  large  and 
highly  branched  chromatophores.  In  the  better  developed  embryos  a  simple 
pattern  may  develop  showing  varying  degrees  of  bilateral  symmetry. 

The  rate  of  development  of  the  hybrid  e^  compared  with  that  of  the 
egg  species,  was  noted  in  many  instances.  Comparative  tables  are  given 
above  in  the  detailed  descriptions  of  the  various  hybrids. 

The  earlier  cleavage  stages  in  every  case  was  that  of  the  species  from 
which  the  egg  was  taken.    This  is  true  whether  the  rate  of  cleavage  from  the 
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sperm  species  Is  more  rapid  or  slower  than  that  of  the  egg  species.  Thus, 
reference  to  Table  3,  where  Fundulus  heteroclitus  was  the  egg  species  and 
Tautogolabrus  adspersus  was  the  male  species,  the  rhythm  of  cleavage  fol- 
lows exactly  that  of  Fundulus,  although  that  of  Tautogolabrus  Is  very  much 
faster.  The  reciprocal  shown  in  Table  4  shows  that  the  rate  again  is  that 
of  the  egg  species — Tautogolabrus.  This  is  true  all  the  way  through,  but 
attention  is  called  to  the  hybrids  with  Opsanus  t:iu.  where  the  cleavage 
rhythm  is  relatively  so  exti'omely  slow.  (Page  373.)  These  facts  are  in 
accord  with  many  observations  made  by  others,  especially  Drlesch  ('98) 
on  Echinodemis.  Newman  (*08,  '10)  obtained  the  same  results  in  his 
Fundulus  heteroclitus — Fundulus  majalis  hybrids.  Fischel  ('06),  on  the 
contrary,  maintains  that  the  influence  of  the  sperm  in  some  of  the  Echino- 
derm  hybrids,  makes  itself  felt  even  in  the  flrst  cleavage.  It  is  important 
to  note,  however,  that  such  influence  as  he  can  detect  is  always  to  slow 
the  development.  This  is  what  I  find  everywhere,  as  will  appear  further 
on,  but  I  have  not  been  able  to  detect  it  during  the  early  cleavage  stages. 
This  slowing  of  the  developmental  processes  is  to  be  looked  upon  as  patho- 
logical, a  sort  of  incompatibility  of  the  two  germinal  substances  in  such 
cases  as  it  occurs.  If  it  is  permissible,  as  some  authors  do,  to  speak  of  the 
rhythm  of  cleavage  as  a  character  of  the  organism,  then  all  my  experiments 
most  clearly  show  that  the  rate  of  earlier  cleavage  of  the  embryo  is  unin- 
fluenced by  the  sperm,  and  may  be  regarded  as  wholly  determined  by 
the  egg. 

In  later  cleavage  and  all  subsequent  stages,  the  influence  of  the 
strange  si)erm  becomes  apparent  In  all  the  cases  that  I  have  carefully 
watched.  It  should  be  said  here  that  hybrids  between  the  nearly  relatetl 
species  were  not  studied  in  this  particular,  but  only  those  between  the  more 
distant  forms.  The  Influence  of  the  strange  sperm  was  in  every  case  to 
retard  development,  usually  to  a  marked  degree,  regardless  of  whether 
the  developmental  processes  In  the  sperm  si>ecics  was  much  more  rapid  or 
slower  than  in  the  egg  species.  Thus  Tautogolabrus  adspersus  takes  only 
from  twenty-four  to  thirty-six  hours  to  hatch,  while  Fundulus  heteroclitus 
takes  from  ten  days  to  fourteen  days,  the  hybrids,  using  Fundulus  as  the 
egg  species,  are  slower  in  their  development  than  I'\indulus  itself.  The 
tendency,  then,  among  fish  hybrids  obtained  by  combining  distantly  related 
species,  is  to  develop  slower  after  their  earlier  cleavage  stages,  than  the 
egg  species.     It  is,  therefore,  interesting  to  note  Newman's  result  where 
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he  found  a  distinct  acceleration  In  the  later  cleavage  stages  and  subse- 
quently in  the  hybrids  between  Fundulus  majalis,  female  x  Fundulus 
heteroclitus,  male. 

GENERAL  CONSIDERATIONS  AND  THEORETICAL. 

SELECTIVE   FEBTILIZATION. 

In  a  general  consideration  of  these  experiments,  perhaps  the  most 
striking  fact  that  appears  is  the  uniformity  with  which  It  is  possible  to 
croBS-fertlllze  the  various  species  of  teleosts.  The  percentage  of  eggs  fer- 
tilized is  in  practically  all  cases  a  high  one — fifty  per  cent,  and,  in  the 
majority  of  cases,  seventy-five  per  cent,  or  over.  When  one  reflects  upon 
the  reason  for  one's  astonishment  at  this,  he  finds  it  In  the  fact  that  we 
have  all,  those  of  us  who  linve  given  tho  matter  any  thought  at  all,  allowed 
cur.selves  to  giow  into  the  l)ellef  that  thero  Is  a  sort  of  specific  affinity  or 
adaptation  existing  between  an  egg  and  the  spermatozoon  of  the  same 
species.  This  assumi^tion  may  or  may  not  be  true.  So  far  as  the  writer 
has  been  able  to  determine,  there  is  extant  no  evidence  that  this  is  the 
case  in  the  animal  egg.  A  [jossible  exception  is  to  be  found  In  the  ex- 
periments of  Dungorn  COl),  \vh»>  finds  that  in  the  eggs  of  the  stir- 
fish  there  is  a  substance  which  is  poisonous  toward  the  sperm  of  the  sea 
urchin,  but  not  vice  versa.  It  is  easy  to  see  that  under  such  conditions 
the  spermatozoa  of  the  starfish  would  be  favored. 

On  the  other  hand,  wn»  have  experiments  by  BuUer  on  all  the  groups 
of  Echinoderms  which  seem  to  show  that  there  exists  no  specific  aflSnity, 
chemical  or  otlierwise,  between  the  egg  and  its  own  spermatozoon. 

The  writer  is  elsewhere  publishing  a  detailed  account  of  his  experi- 
ments on  selective  fertilization  In  fishes.  It  may  be  proper,  however,  to 
briefiy  call  attention  in  this  connection  to  a  few  of  the  results  he  obtained. 
First.  The  fact  above  stated,  that  among  these  fishes  it  is  possible  so 
uniformly  to  cross-fertilize  the  different  species  lends  no  support  to  the 
"Specific  adaptation"  theory.  Second,  When  a  lot  of  Fundulus  heteroclitus 
eggs  are  given  a  chance  at  a  niixtun*  of  two  sperm,  one  of  which  is  their 
own  and  the  other  a  strange  species  (Menidia.  for  instance),  the  eggs  do 
not  ne^'essariiy  show  any  preference  for  their  own  sperm.  In  the  case  above 
mentioned,  for  instance,  the  great  majority  of  the  eggs  prefer  the  Menldia 
sperm  to  their  own.  In  other  combinations  the  proportion  Is  about  equal. 
In  still  others  the  eggs  may  select  more  of  their  own  sperm.     The  factor 
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seems  not  to  be  the  relationship  of  the  sperm,  but  Its  vitality  and  fertilizing 
power.  Third,  Experiments  with  various  egg  extracts  and  the  like  on  the 
behavior  of  spermatozoa  give  no  evidence  of  any  attraction  of  an  egg 
for  its  own  sperm  or  any  toxic  influence  upon  the  strange  sperm.  It 
seems,  therefore,  that  in  the  case  of  these  teleosts  there  is  no  evidence  of 
any  specific  adairtation  of  the  egg  for  Its  own  spermatozoon. 

How  can  we  account  for  these  varying  degrees  of  failure  in  develop- 
ment in  these  various  hybrids?  This  question  is  as  old  as  our  knowledge 
of  the  common  infertility  of  hybrids.  Why  should  an  animal  or  plant 
hybrid  carry  Its  development  in  a  perfectly  normal  and  healthy  manner 
up  to  the  final  stage  of  sex  product  formation,  and  yet  at  this  point  so  com- 
monly fail?  To  this  question  we  have  up  to  the  present  time  no  definite 
answer  whatsoever. 

DEGREE    OF     DEVEIX)PMENT    AND     .SYSTEMATIC     RELATIONS  HIP. 

In  following  the  development  of  the  various  hybrids  hereunder  discussed 
there  appears  one  period  in  the  development  to  which  we  might  ascribe 
the  failure  of  development,  more  than  any  other:  this  is  the  defective  devel- 
opment of  the  circulatory  system.  Development  in  most  crosses  proceeds 
often  in  a  relatively  normal  manner  up  to  the  period  of  the  diflterentiation 
of  the  heart,  blood  vessels  and  the  blood.  In  all  the  hybrids  here  consid- 
ered that  succeed  in  forming  a  circulatory  system  at  all  may  begin  to  de- 
velop the  heart  more  or  less  normally,  so  that  it  regularly  and  vigorously 
pulsates  but  fails  to  difl'erentlatf'  the  hlcKKl  and  blood  vessels.  As  a  result 
the  heart  manipulates  no  normal  blood  and,  as  a  consequence,  the  food  ab- 
sorption of  the  embryo  must  occur  through  other  channels  than  the  blood. 
Following  this  period  the  embryos  Invariably  begin  to  lag  behind,  the  organs 
fail  to  proiierly  differentiate,  resulting  in  the  stunted,  sickly-looking, 
starved  hybrid.  It  would  seem  that  if  it  were  i>ossible  in  some  way  to 
help  the  hybrids  to  properly  complete  this  system,  development  might  be 
carried  much  further,  ix»rhaps  up  to  the  point  <»f  hatching.  But  in  the 
case  of  .some  hybrids  none  of  the  embryos  form  ;i  heart  and  a  varying  i)er 
centage  of  all  hybrids  fail  to  develop  the  heart  at  all,  even  thongli  the 
more  succ<*.*4sful  ones  complete  development.  Ftirthermore,  it  often  happens 
that  the  circulatory  system  Is  apparently  pn)i)erly  establisbed  and  the  de 
velopment  carried  to  the  point  of  hatching,  or  even  beyond,  but  they  soon 
die.    Thus  while  It  Is  undoubtedly  true  that  the  establishment  of  the  cir- 
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culation   is  a   vital  stage  in   the  proper  progressive  development    of   the 
embryo  and  is  followed  in  normal  embryos  by  a  i)eriod  of  rapid  growth,  the 
question  still   remains,   why  does   the  circulatory  system  fail   to    derelofi 
properly?    Why  do  we  have  so  many  embryos  stop  their  development  before 
the  period  of  heart  formation,  and  why  do  we  have  so  commonly  failures 
to  emerge  from  egtr,  or  die  shortly  after,  when  in  the  latter  the  circulation, 
at  least  to  all  afipea ranees,  has  been  normal?     If  we  (»onsider  the  experi- 
ments tabulattnl  in  Table  9  from  the  view  jwint  of  the  correlation  between 
the  degree  of  development  and  the  relationship  of  the  species  combined, 
we  see  at  once  that  only  those  species  that  belong  to  the  same  genus,  or  to 
very  closely  related  genera,  will  produce  hybrids  that  develop  to  the  i>oint 
of  hatching.     Kven  within  this  group  a  difference  in  this  respect  can  be 
observed  between  spe<'ics  very  closely  related,  and  sijocles  more  distantly 
related.     Thus   Funduius   hetercditus   combined   in   either   direction    with 
Fundulus  dinphnnus  will  produce  a  large  proiKU'tion  of  free  swimming  em- 
bryos.   These  two  species,  although  the  former  is  a  marine  and  the  latter 
fresh  water,  are  structurally  very  closely  allied.    Fundulus  majalis  Is  much 
I(*ss  <*losely  relattMl    to  Fundulus  h^'teroclitus,  although   belonging    to   the 
same  genus.     When  the  latter  is  taken  as  the  female  a  large  proi)ortion  of 
vigorous  fry  ;ire  obtained.     The  recii)rocaI  has  never  yielded  me  embryt^ 
that  would  emerge  from  the  ef^f^,  although,  with  the  exception  of  the  yolk 
bag,   normal    in   appearance.     Then   the  sp€H*ies  used   belong   to   separate 
genera  the  proportion  of  embryos  that  emerge  normally  is,  as  a  rule,  much 
smaller  than  in  the  preceding  condltiim. 

All  speiics  that  are  more  removed  from  each  other  than  closely  related 
genera,  fail  to  r)r(Hluce  hybrid  embryos  that  will  complete  development  to 
the  point  of  hatching.     Among  this  latter  group  of  hybrids  the  stage  to 
which   development    is  carried  varies  considerably   in  the  diflferent    com- 
binations.   This,  too,  can  be  roughly  correlated  with  the  relationship  of  tlie 
si)ecies  combined,  so  that  two  species  belonging  to  distantly  related  orders 
like  Fundulus  licteroclitus  x  Tautc^golabrus  adspersu^  give  rise  to  hybrids 
that  can  not  go  nuich  beyond  the  closure  of  the  blastopore,  while  if  the  same 
form  is  cimsscmI  with  its  nearer  relative,  Menidia  notatn,  development  pro- 
ceiHls  very  nuicli   furtluM*  although   stojis  fnr  from  the  point   of  hatching. 
This  win  be  further  taken  up  below. 

We   |»rodu(«'.   then,   among   fishes   a    series   of   hybrids   that    range    in 
success  from  those  in  which  none  of  the  embryos  develop  very  much  be- 
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yond  the  "blastopore"  stage  though  intergradatlons  to  those  in  which  the 
embryos  hat«*h  normally  and  grow  Into  adults,  probably  fertile  creatures, 
and  this  series  is  correlated  with  the  systematic  relationship  existing  be- 
tween the  two  sp<»cies  crossed. 

The  work  of  Guyer  (OU)  on  the  spermatogenesis  of  hybrid  pigeons 
suggests  that  in  the  fliml  formation  of  the  sex  products,  difficulties  arise 
in  the  synopsis  of  the  male  and  female  chroma tim  material,  resulting  In 
abnormal  spermatozoa.  Stated  in  more  general  terms  in  the  final  forma- 
tion of  the  sex  cell  the  developmental  and  hereditary  substances  from  the 
two  parents,  fail  to  work  harmoniously,  giving  rise  to  abnormal  develop- 
ment. It  is  conceivable  that  an  analogous  process  takes  place  in  those 
hybrids  that  are  arrested  much  earlier  in  their  development.  Indeed,  the 
prevailing  habit  of  thinking  of  developmental  and  hereditary  determinants 
in  terms  of  units  of  some  sort,  suggests  at  once  to  our  minds  some  such 
picture  as  above  indicated.  In  two  nearly  related  species  the  develop- 
mental mechanisms  are  so  nearly  alike  that  no  serious  conflicts,  so  to 
s|)eak,  arise  except  possibly  in  the  very  last  stages,  namely,  the  forma- 
tion of  the  sex  cells.  As  a  result,  the  development  may  be  completed  or  all 
but  completed.  When,  however,  two  distinctly  related  species  are  combined 
we  have  to  do  with  two  developmental  mechanisms  that  are  more  divergent, 
and  the  conflict  develops  early  in  the  life  of  the  organism  with  the  con- 
sequent modification  of  development,  varying  with  the  relationship.  It  is 
difficult  to  find  any  appearances  in  my  hybrids  that  specifically  support 
this  view.  It  would  seem  that  at  least  occasionally  there  would  appear 
.si)ecific  modifications  to  the  Influence  of  the  sperm  over  the  egg  species. 
Thus  it  should  be  exr)ec(ed  that  the  mode  and  rate  of  cleavage,  the  time 
and  method  of  gastrulatiou.  etc.,  should  vary  in  a  manner  to  be  in  a 
measure  at  least  due  to  the  specific  characteristics  of  the  developmental 
mechanisms  of  the  sperm  speci*s.  But  this  is  just  what  one  does  not 
find.  The  whole  pnjcess  of  hybrid  development  presents  the  picture  of  a 
pathological  embryo,  such  as  one  sees  when  they  are  subjected  to  an  un- 
favorable condition,  such  as  foul  water,  insufficient  oxygen,  unnatural 
<'hemical  media  and  the  like.  It  is  simply  an  arrest  with  subsequent 
gradual  deterioration  of  the  tissues.  Thus  the  monocular  condition  Is  likely 
to  result  If  the  optic  vesicles  fail  to  form  properly  and  the  anterior  braln- 
veslcle  becoming  pigmented  In  the  cycloplan  eye,  or  only  one  side  develops 
the  vesicle  and  becomes  pigmented.     The  slender  strangulated  heart  may 
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be  aceounted  for  by  the  abnormally  large  pericardial  cavity  which  de- 
velops, across  which  it  lw»ct)iiies  Htretchcd.  'I'hc  lar^e  pericardial  cavity  luay 
be  the  result  of  tlie  abuoriiial  method  of  yolk  absorption  due  to  the  failure 
of  the  blood  vessels  to  differentiate. 

1  have  for  thre^  or  four  years  looktHl  upon  these  plienomena  in  luy 
own  hybrid  experiments  as  a  process  akin  to  that  which  obtains  in  the 
transfusion  or  blood  of  strange  si)ecics.  The  well  known  results  of  I^an- 
dols  (*75),  Friedenthal  COD)  and  otiiers  lu-ing  out  the  important  fact  that 
the  huemolytic  power  of  the  bloods  of  two  species  varies  in  intensity  with 
the  nearness  of  relationship  of  the  species.  In  general  two  very  closely 
related  animals  will  permit  the  transfusion  of  their  bloods  with  no  or  rela- 
tively slight  haemoiytlc  action.  As  the  forms  be<'ome  divergent  in  rela- 
tionship the  toxic  action  becomes  progressively  greater.  In  a  similar  man- 
ner it  has  been  shown  that  other  tissues  than  blood  act  toxically.  Among 
these  are  sijcrmatozoa.  Tijc  process  In  hybridization  may  be  conceived 
something  as  follows :  When  the  sperm  brings  its  material  Into  the  strange 
egg  in  fertilization  it  brings  with  it  the  substance  capable  of  poisoning  tlie 
egs  substance  or  vice  versa.  We  may  supi>ose  that  the  toxic  action  does 
not  manifest  itself  at  once  because  of  the  relatively  small  proportion  of  the 
sperm  substance  compared  to  that  of  the  egg.  Consequently  early  cleavage 
stages  are  in  all  cases  passed  through  in  a  normal  manner.  As,  however, 
the  nuclear  material  grows  and  becomes  more  generally  distributed  through 
the  cytoplasmic  mass  as  cleavage  proceeds,  the  toxic  action  becomes  mani- 
fest in  the  retardation  of  the  cleavage  and  subsequent  developmental  pro- 
cesses. The  intensity  of  the  effect  will  vary  with  the  degree  of  toxidity 
existing  between  the  two  species  concerned.  In  the  cases  of  fishes  where 
cross  fertilization  is  so  generaluy  possible  it  should  be  possible  to  get  a 
measure  of  this  in  the  faithfulness  with  which  the  embryo  reproduces  the 
normal  developmental  processes  in  the  earlier  stages,  and  the  stage  at 
which  these  become  arrested. 

In  the  transfusion  of  bloods  we  have  seen  that  the  toxidity  varies 
rather  closely  with  the  systematic  relationship  of  the  animals.  My  ex- 
periments so  far  as  they  go,  show  that  this  same  law  holds  in  hybridiza- 
tion, and  when  taken  in  connection  with  what  is  already  well  known 
about  the  production  of  so-called  "successful"  hybrids,  I  think,  may  be 
interpreted  as  furnishing  evidence  for  this  view. 
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In  order  to  obtain  a  somewhat  more  definite  Idea  of  the  influence  of  a 
strange  sperm  upon  the  developmental  processes,  I  have  made  a  somewhat 
careful  comparison  of  the  final  stages  of  a  series  of  hybrids  all  of  which 
had  th€»  same  species,  Fundulus  heteruclitus,  for  the  female  but  diflPerent 
species  for  the  male,  these  latter  varying  in  their  nearness  of  blood  relation- 
ship to  the  egg  species.  These  males  fall  into  four  separate  groups  of  two 
species  each.  The  male  species  in  each  group  are  closely  related,  but  the 
different  groups  vary  in  their  relationship  to  the  egg  species  from  that  of 
the  same  genus  to  that  of  most  widely  separated  orders.  These  groups  are 
as  follows: 

r, t      /  Fundulus  heteroelitus  X  Fundulua  mojalia. 

^"^'^P^      {        ••  •'  ••         dUphanua. 

r'-^.,^  o      I        "  "  Menidia  notata. 

txroupz     I        ..  ..  Menidia  gracilia. 

n.^.«  Q      i        "  "  Gasteroataua  biapinosus. 

UroupJ     j        ..  ..  Apeltos  quadracua. 

o«»p4  {    ::       ::        ^rtSIS'S.'**^"'- 

In  group  1,  Fundulus  majalis  and  Fundulus  diaphanus  will  hybridize 
and  bring  their  development  to  hatching.  The  same  is  true  of  the  two 
species  of  Menidia  in  group  No.  2.  In  group  No.  3  the  two  species  of 
sticklebacks  will  cross  and  hatch,  although  I  have  been  able  to  rear  the 
embryos  for  only  a  very  short  time.  The  Gunner  and  Tautog  of  Group 
No.  4  will  likewise  cross  and,  although  many  abnormalites  occur,  some  of 
the  embryos  will  hatch  in  a  normal  manner.  When,  however,  these  forms 
are  crossed  with  Fundulus  heteroclitus  very  divergent  results  are  obtained, 
although  in  e^ery  case  most  uf  the  eggs  are  impregnated.  In  the  first  group 
the  embryos  largely  hatch  and  may  be  reared.  Among  the  normals  may 
be  found  various  abnormalities,  but  these  are  relatively  rare.  In  the  re- 
maining groups  the  embryos  never  hatch,  although  in  some  cases  may 
remain  alive  in  the  egg  for  three  or  four  weeks.  But  each  of  these  groups 
go  to  a  characteristic  stage  of  development  and  show  characteristic  abnor- 
malities. In  all  of  the  last  three  groups  the  mortality  Is  great  during 
the  period  from  the  formation  of  the  germ  ring  to  the  closure  of  the 
blastopore. 

In  group  2  a  varying  number  may  go  far  beyond  this  stage  formlnsj 
normally  the  early  stages  of  the  eye,  ear,  heart,  notocord,  somites,  etc. 
Although  the  early  stages  in  the  formation  of  these  organs  may  be  nor- 
mal, It  soon  becomes  apparent  that  the  further  processes  becomes  aborted. 
The  blood  vessels  do  not  properly  differentiate,  the  pericardial  cavity  be- 
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comes  very  large  and  the  heart  is  commonly  drawn  out  to  a  filamentous 
form.  This  continues  to  beat  until  the  death  of  the  embryo,  but  does  not 
handle  any  blood.  The  eyes  do  not  attain  their  full  size,  and  may  be  poorly 
pigmented.  They  often  are  abnormally  set  so  that  they  occupy  the  fore- 
part of  the  head.  This  may  fuse  into  a  median  single  eye  or  may  be  pres- 
ent on  one  side  only.  The  ear  vesicles  often  become  large  and  Inflated,  giv- 
ing rise  to  a  large  rounded  prominence  on  each  side.  The  pigment  cdls 
are  very  finely  developed,  show  a  tendency  to  a  pattern  and  bilateral  sym- 
metry, but  there  is  a  lack  of  uniformity  in  this  in  the  difFerent  embryos. 
The  embryos  are  shortened  and  may  develop  abnormally  large  pectoral 
fins.  It  is  not  necessary  to  give  more  than  a  general  description  at  this 
place. 

Bven  within  this  group  it  is  very  easy  to  distinguish  between  the 
hybrids  in  which  the  Menidla  notata  is  used  as  the  male  from  those  in 
which  the  Menidia  gracilis  is  the  male.  The  development  of  the  former  is 
more  successful  in  those  that  pass  the  blastopore  closure  stage,  although 
my  experiments  show  that  the  mortality  is  greater  at  this  point  The  pig- 
mentation is  better  developed  and  the  various  organs  above  mentioned 
are  laid  down  much  more  normally.  As  a  consequence  fewer  and  less  pro- 
nounced abnormalities  occur.  In  the  Fundulus-Menidia  gracilis  cross  it  is 
not  uncommon  to  have  only  one  eye  formed-  This  may  be  lateral  or  may 
be  median.  The  eyes  are  commonly  set  much  further  anterior  so  as  to 
occupy  the  front  of  the  head  than  in  the  nearly  related  cross. 

In  the  crosses  of  group  3  we  obtain  quite  a  different  series  of 
hybrid  embryos.  None  of  these  will  develop  as  far  along  as  those  in 
group  2.  There  is  the  usual  large  mortality  preceding  and  at  the  blas- 
topore closure  stage.  The  more  successful  embryos  are  much  shorter,  the 
pigmentation  is  much  less  perfect,  the  black  usually  predominates,  the  eyes 
are  never  normal,  and  often  altogether  wanting,  and  the  life  of  the  embryo 
is  shorter.  The  heart  and  pericardial  cavity  is  much  the  same  as  in  the 
Menidia  hybrids,  although  I  have  seen  no  attempt  to  develop  vessels  on  the 
yolk.  Their  embryos  show  in  every  way  that  the  develc^mental  processes 
have  deteriorated  much  earlier  than  in  the  Menidia  crosses. 

When  we  come  to  group  4  we  have  a  still  more  pronounced  abortion 
of  the  developmental  processes.  Many  of  the  embryos  close  the  blastopore 
after  a  fashion,  but  the  embryo  is  always  much  shortened,  usually  behig  a 
mere  streak  of  protoplasuL     These  embryos  do  not  lengthen  to  form  a 
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tail,  they  form  no  eyes.  Occasionally  one  or  two  poorly  developed  ear 
vesicles  show;  pigment  is  irregnlarly  and  rather  sparingly  developed  on 
both  the  embryo  and  the  yolk.  These  cells  are  practically  all  black  with  a 
few  small,  poorly  developed  brownish  ones.  The  heart  may  develop  into  a 
protoplasmic  pulsating  mass  showing  no  definite  form.  The  pericardial 
cavity  is  poorly  developed  or  wanting.  These  embryos  may  remain  alive 
for  a  week  or  ten  days,  but  never  as  long  as  the  hybrids  of  the  two  pre- 
ceding groups.  0 

We  can  see  from  the  foregoing  that  within  the  narrow  limits  of  the 
species  covered,  that  the  more  distantly  two  species  are  separated  in 
their  blood  relationship  when  crossed,  the  earlier  the  developmental  pro- 
ceases  come  to  a  standstill,  llie  writer,  of  course,  thoroughly  appreciates 
that  the  foregoing  facts  are  not  necessarily  evidence  In  favor  of  the  view 
taken.  He  desires  merely  to  emphasize  the  analogy  existing  between  the 
conditions  of  hybridization  and  the  known  conditions  of  blood  transfusion 
and  the  like.  His  belief  that  this  analogy  Is  a  significant  one  has  been 
strong  enough  to  lead  him  Into  further,  more  direct  experiments  along  this 
line.  The  writer  may  even  be  permitted  to  express  a  hope  of  his  that  it 
may  be  possible  to  control  the  processes  of  hybridization  in  a  manner  sim- 
ilar to  that  which  has  already  been  brought  about  in  the  field  of  immunity. 

SUMMABT. 

1.  The  eggs  of  any  of  the  species  of  teleosts  tried  may  be  impreg- 
nated by  the  sperm  of  any  other  species  tried. 

2.  The  number  of  eggs  fertilized  Is  usually  great,  i.  e.,  75%  or  more. 
This  bears  no  relation  to  the  nearness  of  relationship  of  the  two  species 
concerned. 

3.  Normal  impregnation  Is  the  rule,  di-  and  polyspermy  being  the 
exception. 

4.  Development  In  Its  early  stages  proceeds  normally,  the  deleterious 
effects  of  the  two  strange  sex  products  upon  each  other  showing  only  at 
later  cleavage  or  subsequently. 

5.  The  rate  of  development  in  the  early  cleavage  stages  Is  always 
that  of  the  egg  Hpeoles.  Any  effect  of  the  strange  sperm  upon  the  rate  of 
development  shows  Itself  by  slowing  the  process  regardless  of  whether  the 
rate  of  the  sperm  species  Is  faster  or  slower  than  the  egg  species. 

6.  A  period  of  great  mortality  in  the  developing  hybrids  is  gastrula- 
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tion.  If  the  heart  is  formed,  although  It  pumps  no  hlood,  the  embryo  may 
remain  alive  for  a  considerable  period,  yolk  absorption  taking  place  to  a 
varying  degree.  If  the  heart  handles  blood  and  bloodvessels  are  differen- 
tiated, the  embryo  is  likely  to  develop  to  the  point  of  hatching. 

7.  The  numerous  abnormalities  appearing  in  the  hybrid  embryos  are 
due  to  a  deterioration  in  the  developmental  processes,  resulting  probably 
from  the  poisonous  action  of  the  sex  products  upon  each  other. 

8.  The  success  of  the  hybrids,  i.  e.,  the  stage  to  which  any  given 
hybrid  will  develop,  is  correlated  with  the  nearness  of  relationship  of  the 
two  species  used. 

9.  The  mixing  of  unrelated  sex  products  is  looked  upon  as  anal<^;ous 
to  the  transfusion  of  unrelated  bloods,  the  more  distantly  related  the  two 
species  concerned  the  greater  their  toxidity. 
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INTRODUCTION. 

In  1909  I  gave  an  account  of  the  plankton  of  the  subterranean  stream 
in  the  caves  of  Indiana  T.'niversity's  cave  farm.  Among  other  things  It  was 
found  that  the  plankton  Is  coraiwsed  of  eplgean  forms  and  Is  derived  from 
ponds  In  such  sink-holes  as  have  an  opening  above  their  lowest  points.  A 
study  of  the  fauna  of  the  ponds  furnishing  the  cave  plankton  )>ecame 
•desirable. 

'CoDtribatioD  from  the  Zoological  Laboratory  of  Indiana  UnlTervlty  No.  t}9' 
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Ponds  of  this  kind  form  a  fresh  water  "unit  of  environment"  typical 
for  an  area  covering  a  part  of  twenty  counties  of  southern  Indiana,  a  strip 
of  Kentucky  and  a  part  of  Tennessee.  Instead,  however,  of  making  a  gen- 
eral study  of  the  faunee  of  many  of  these  ponds,  a  typical  pond  one-half 
mile  northeast  of  the  campus  of  Indiana  University  has  been  studied  In- 
tensh-ely.  Its  fauna  has  been  determined.  Its  physical  factors  and  environ- 
ment analyzed,  and  the  processes  at  work  determined  In  part,  at  least. 

Observations  on  this  pond  extend  from  October,  1908,  to  June,  1909, 
and  from  September.  1909,  to  September,  1910.  with  occasional  visits  from 
September,  1910.  to  May.  1911.  It  was  visited  weekly  or  more  often  during 
all  but  the  summer  months.  No  observations  were  made  during  the  sam- 
mer  of  1909,  but  the  pond  was  visited  monthly  during  the  summer  of  1910 
(June  15,  July  16,  August  12). 

Many  other  ponds  have  been  examined,  but  detailed  data  concerning 
them  have  not  been  collected.  The  observations  on  these  have  been  in- 
corporated in  this  paper  when  they  made  clear  facts  that  could  not  be  deter- 
mined from  this  pond  alone. 

Aside  from  presenting  a  picture  of  the  conditions  In  this  pond,  I  hope 
the  data  collected  may  furnish  a  basis  for  comparison  with  the  larger 
bodies  of  fresh  water  (glacial  lakes  and  rivers),  so  many  of  which  have 
been  under  observation  In  recent  years. 

THE   POND. 

The  form  of  the  pond  may  be  seen  by  reference  to  the  map.  No.  1.  It 
is  oval  In  shape  and  has  a  maximum  length  of  70  feet  and  width  of  57  feet. 
Its  greatest  depth  Is  46  Inches,  but  this  Is  attained  only  during  the  heavy 
rains  of  spring.  The  south,  east  and  north  slopes  are  quite  gentle,  but  the 
west  slope  Is  so  abrupt  that  within  one  foot  of  the  shore,  on  the  north  end 
of  the  west  side,  a  depth  Is  attained  which  Is  only  six  inches  less  than  the 
greatest  depth  of  the  pond.  The  bottom  Is  covered  with  plant  debris  mixed 
with  a  little  fine  clay  derived  from  the  wash  from  the  slope  above  the 
pond.  This  silt  is  small  In  quantity,  the  slope  being  slight,  the  area 
drained  small,  and  a  narrow  zone  of  grass  surrounding  the  pond. 

Location. — ^The  location  of  this  pond  may  be  determined  by  examining 
the  Bloomington  Quadrangle  of  the  United  States  Topographical  Survey. 
It  is  940  feet  above  sea  level  and  about  150  feet  above  the  floor  of  the 
valleys  one  mile  distant.     It  Is  about  16  feet  below  the  crest  of  an  old 
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monadnock,  probably  a  remnant  of  the  tertiary  peneplain  and  near  the 
level  of  the  pleistocene  peneplain  which  forms  the  "skyline"  in  this  region. 


SCALE  «-I2jJl_u 


Fig.  1.     Map  of  Hill  Pond,  showing  depth  in  fnche»  at  10-ft.  intervals  when  at  the 

overflow   point. 


The  pleistocene  peneplain  is  very  much  dissected  in  this  locality.     This 
particular  monadnock  is  completely  isolated,  valleys  having  cut  into  its 
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sides  from  three  directions,  viz.,  south,  west  and  north.  The  valley  to  the 
north  empties  into  Griflfey  Creek,  a  part  of  the  drainage  system  of  the 
West  Fork  of  White  River.  The  valleys  to  the  west  and  south  empty  Into 
Clear  Creek,  a  part  of  the  drainage  system  of  the  East  Fork  of  White 
River. 

No  similar  pond  is  nearer  than  two  miles.  The  nearest  i»erennial  water 
is  in  springs  .33,  .56  and  .66  miles  distant,  and  100.  146  and  165  feet  re- 
spectively below  the  level  of  the  pond.  The  accompanying  profiles  indi- 
cate these  slopes  graphically.  Fig.  II.  These  statements  indicate  the  isola- 
tion of  the  pond. 
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Fig.  2.     Profiles  of  valleys  leading  away  from  bill  on  which  pond  is  located,   from 

pond  to  closest  porinnn<'nt  water  in  each  valley. 


The  pond  is  formed  by  soluticjii  in  the  Mitchell  limestone  which  caps 
the  hill  to  a  depth  of  nO  feet  and  overlies  the  Bedford  limestone,  both 
being  formations  In  the  Misslssippiau  series.  The  details  of  the  formation 
of  this  pond  are  not  different  from  those  of  any  other  of  this  region,  conse- 
quently a  general  discussion  will  probably  be  more  enlightening. 

The  development  of  sinkholes  is  coincident  with  that  of  subterranean 
drainage  systems.  Both  depend  upon  two  conditions:  First,  the  presence 
of  soluble  rock,  usually  limestone;  second,  the  movement  of  the  solvent 
(meteoric  water,  containing  ns  it  always  does,  carbonic  acid),  through  the 
rock. 

In  order  to  have  a  moveinciit  of  meteoric  water  tiirough  the  rock,  it  is 
necessary  to  have  an  outlet  below  the  general  level  of  the  country.  This  is 
secured  by  the  invasion  of  surface  drainage.  A  study  of  the  topography 
of  p.  limestone  region  shows  that  in  jreneral  the  sinkholes  are  formed  on 
the  periphery  of  the  valleys. 


FlK.  3.      Map 


periphery  of  i 


v«lky. 


The  ac('iim|iniiyliii;  initii  (Fig.  Ill)  bc»utiru1ty  UlustriiieR  tbls  point. 
It  is  bused  ou  Unlit  from  tho  Blooinlugton  quRdrauglc  of  tbe  United  States 
Topo);r«phlc  Survey.  A  iltH'P  gorge  from  the  southeasi  ciits  well  Into  the 
old  peiieiJlaln,  (hus  tnpiiing  rlie  ivater  table.  'I  he  wnter  on  plain  around  the 
periphery  of  this  valley  "sliike"  into  the  limestone  niid  comes  to  the  sur- 
face near  the  bottom  of  tlie  gorge. 

lu  the  arcH  uuiler  dlNcuHHlon,  ttie  Oliin  rlvtr  ami  Itn  ti'lbutaries  supply 
the  surface  drainage.  .\Uhoiigh  any  sort  of  limestone  may  develop  sink- 
holes, the  Mitebell  is  t\w  siiikliole  and  cave-forming  limestone  par  excel- 
lence. Its  (jniilltiefl  In  relnllcii  to  cave  formation  have  been  discussed  by 
Ureen  ('08).    He  summarlEeH  tlieui  as  follows: 
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••The  Mitchell  limestone,  otherwise  known  as  the  St.  Louis,  barren, 
or  cavernous  limestone,  is  a  bluish  or  grayish,  hard,  compact,  even-grained 
stone,  generally  having  a  conehoidal  fracture.  It  Is  so  compact  as  to  make 
it  rather  imi)ervi<)U8.  Intercalated  layers  of  blue-gray  shale  are  frequent- 
Large  concretions  of  chert  are  characteristic  of  certain  horizons.  When 
the  stone  weathers,  these  nias»i»s  of  chert  do  not  dissolve,  but  break  into 
more  or  less  angular  fragments  which  strew  the  ground  over  the  Mitchell 
area.  lu  Indiami  the  formation  is  also  characterized  by  the  common  pres- 
ence of  a  genus  of  corals  known  as  Lithostrotlon  or  Lonsdaleia.  In  some 
places,  such  as  western  Monroe  or  southern  Crawford  CJounty.  there  is  a 
typical  white  oolite  found  near  the  top  of  the  formation. 

"Analysis  shows  the  Mitchell  to  be  a  very  jiure  calcium  carl)onate,  and 
at  Mitchell,  Lawrence  ('ounty,  from  which  place  the  formation  received  its 
name,  it  is  extensively  quar^'ied  for  making  lime  and  cement* 

"The  Mitchell  limestone  has  long  been  known  as  the  Cavernous  lime- 
stone. Both  the  Wyandotte  Cave  of  Indiana  and  the  Mammoth  Cave  of 
Kentucky  occur  in  Its  strata.  In  tiiree  counties  in  tlie  vicinity  of  Mammoth 
Cave,  over  five  hundre<l  caves  are  known  to  exist.  These  facts  lead  us  to 
investigate  the  general  adaptability  of  this  limestone  to  cave  formation. 

"The  reasons  of  this  adaptability  are  numerous.  Besides  the  bedding 
planes,  two  sets  of  vertical  joint-planes  exist,  one  set  having  a  general  east 
and  west  direction  and  the  other  a  north  and  south  direction.  Verticnl 
joint-planes  are  probably  more  numerous  In  this  than  any  other  of  the 
Mlsslssippian  limestones.  Owing  to  the  fact  that  the  Mitchell  is  rather 
impervious  and  often  of  a  lithographic  nature,  the  down  flowing  water  is 
forced  to  follow  the  joint  and  l)odding  planes.  The  underlying  Salem  lime- 
stone contains  joint-planes  but  is  porous  enough  to  become  thoroughly  sat- 
urated instead  of  confining  the  water  to  joint-planes." 

The  presence  of  joint-planes,  its  impermeability  and  its  solubility,  are 
the  qualities  of  the  Mitchell  limestone  which  make  it  favorable  to  the 
development  of  caves  and  sinkholes.  It  is  obvious  that  if  a  stone  is  im- 
Ijermeable  and  has  joint-i)lanes,  the  water  will  trickle  down  through  these 
joints  instead  of  being  absori)ed  by  the  rock.    If  the  rock  is  soluble  and  the 


*  In  the  southoru  part  of  the  State  it  reaches  a  thickness  of  350  to  400  feet ;  in 
the  central  part  of  its  aroa,  that  is,  in  Lawrence  and  Monroe  counties,  the  thickness 
ie  from  150  to  250  feet,  and  from  here  gradually  thins  toward  the  north." 
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water  contains  carbonic  acid  gas  in  solution,  as  all  meteoric  water  does, 
cavities  will  be  formed  in  it. 

The  regions  in  which  sinl^boles  occur  were  originally  covered  with 
deciduous  forests  and  iis  a  result  the  surface  was  covered  with  decaying 
vegetable  matter.  It  is  well  known  that  this  condition  reduces  the  surface 
run  off  and  allows  more  water  to  sink  into  the  ground.  Shaler  (*91)  has 
also  shown  that  this  decaying  humus  produces  a  large  amount  of  carbonic 
dioxide,  so  that  the  water,  passing  througli  it,  Is  always  saturated  with 
this  add.  From  these  facts,  it  is  probable  that  the  formation  of  caves 
and  sinkholes  formerly  occurred  more  rapidly  than  at  present. 

What  causes  a  sinkhole  to  develop  at  a  particular  point  is  somewhat 
conjectural.  Something  occurs  which  Increases  the  rate  of  solution  at  a 
particular  point.  There  may  be  a  place  in  the  stone  which  is  more  soluble 
than  the  surrounding  rock.  It  has  been  suggested  that  fault-lines  may  l)e 
the  initial  cause  of  at  least  some  of  them.  There  is  a  fault  near  the  mouth 
of  Shawnee  cave  In  the  Mitchell  limestone  but  no  line  of  sinkholes  has  de- 
veloped along  it 

It  is  quite  possible  that  the  tai)  roots  of  some  of  the  walnuts,  oaks  and 
similar  trees  of  the  original  forests  may  have  determined  the  location  of 
some  of  those  depressions.  These  tap  roots  undoubtedly  reached  bed  rock 
in  many  places.  When  they  decaj'ed  they  left  a  funnel  shaped  oijening  in 
the  soil,  tilled  with  their  own  decaying  stems.  This  funnel  would  con- 
duct meteoric  water  immediately  to  bed  rock  and  charge  it  with  CX)*  as  it 
did  so. 

Cunuuings  ('05,  page  87)  explains  this  formation  as  follows: 

"Where  two  joints  intersect,  the  enlargement  is  apt  to  be  greatest, 
giving  origin  to  funnels,  narrowing  gradually  downward,  and  showing  in 
a  beautiful  way  the  formation  of  sinkholes,  which  are  only  such  funnels  of 
.solution  grown  large." 

Whatever  may  initiate  this  process,  after  connection  is  once  established 
with  a  subterranean  system,  the  processes  of  weathering,  erosion,  etc.,  en- 
large the  funnel  in  every  direction.  The  funnel  is  really  a  valley  whose 
source  or  upper  end  Is  the  perimeter  of  the  cone  and  whose  mouth  or  outlet 
is  the  opening  in  the  center.  The  sides  of  a  young  sinkhole  are  usually 
very  steep  and  its  area  limited,  while  those  of  an  older  one  are  more  gentle, 
with  a  much  larger  area.    At  any  stage  in  the  development  of  a  sinkhole. 

[26—26988] 
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its  outlet  may  become  obstructed.  The  result  Is  the  formation  of  a  pond. 
If  a  younj;  sinkhole  is  obstructed,  a  small  and  relatively  deep  pond  re- 
sults. The  obstruction  of  an  old  sinkhole  results  in  the  formation  of  a 
shallow  i)ond  of  considerable  area. 

Destruction. — The  iwnds  aiv  no  smnier  formed  than  their  destruction 
begins  by  means  of  those  factors  which  destroy  all  such  toi>ographic  forms. 
Few  of  them  overflow,  anl  these  only  for  a  short  time.  Plant  deposition 
and  the  deposition  of  silt  are  the  two  principal  factors  operating  for  their 
destruction.  A  pond  foruied  in  a  young  sinkhole  which  is  located  at  or 
near  the  summit  of  a  hill,  i.  e.,  near  the  level  of  an  old  peneplain,  does 
not  have  as  much  silt  washed  into  it  as  does  a  pond  formed  in  an  older  sink- 
hole or  one  that  is  located  on  the  hm'er  sh)j)e  of  a  hill.  Plants  are  rela- 
tively a  much  greater  factor  in  the  destruction  of  the  former  than  in  the 
latter. 

Our  pond  belongs  to  the  first  class.  It  has  some  clay  deposited  in  it, 
but  plant  debris  forms  the  major  part  of  its  sediment.  The  rate  of  Its  de- 
al i*uetion  is  known  approximately  for  a  period  of  24  years.  In  1887,  it  was 
al>out  eight  or  nine  feet  in  depth  ("deep  enough  to  swim  a  horse").  It  is 
now  slightly  less  than  four  feet,  a  diflference  of  four  feet,  or  one-flfth  foot 
deposition  per  year.  So  far  as  I  know,  this  is  the  only  case  where  the  rate 
of  plant  deposition  is  reducible  to  even  approximate  figures. 

The  water  is  usually  clear.  A  scum  of  iron  oxide  was  found  on  the 
surface  April  1,  1910.  On  August  12,  1910,  the  water  had  a  dark  purplish 
tinge,  due  to  the  decay  of  organic  matter.  The  only  time  the  pond  was  seen 
to  be  muddy  was  after  the  rain  of  July  14.  On  this  date  it  was  quite 
opaque  and  of  a  yellowish  tinge,  from  the  suspended  silt.  Silt  is  carried 
into  tlie  pond  only  after  very  heavy  rains,  for  reasons  previously  stated. 

METHODS. 

For  collecting  insects,  insect  larvae,  algae,  amphibian  larvae,  etc.,  ordi- 
nary Insect  nets  and  dip  nets  made  of  bobblnet  and  scrim,  were  used.  A 
very  useful  net  for  collecting  micro-organisms,  when  quantitative  work  is 
not  demanded,  is  a  sampling  net,  manufactured  by  the  Simplex  Net  Com- 
pany, Ithaca,  New  York.  It  Is  made  of  l>olting  cloth  No.  20,  Is  three  inches 
in  diameter,  twelve  inches  long,  and  is  oi)erated  by  being  thrown  out  into 
the  water  and  then  drawn  In.    The  ring  is  quite  heavy  so  that  it  will  sink 
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if  properly  handled.  The  depth  at  which  the  net  moves  can  then  be  regu- 
lated by  the  rate  at  which  It  is  drawn  through  the  water. 

The  only  difficulty  experienced  in  operating  this  net  was  that  the 
ring  carried  the  open  end  under  at  once,  thus  catching  enough  air  In  the 
net  to  float  it.  To  obviate  this  difficulty,  a  25x80  mm.  glass  shell  partially 
filled  with  water  was  fastened  to  the  apex  of  the  net  by  means  of  a  cork 
stopper.  1  his  carried  the  net  under  nt  once,  and  when  the  catch  was  made, 
the  cork  was  loosened  and  the  collection  dropped  into  the  bottle. 

For  quantitative  work,  on  such  plankton  as  was  present,  the  following 
variation  of  the  pumping  method  was  used:  The  whole  apparatus  had  to 
be  light  enough  to  be  portable.  Some  difficulty  was  experienced  in  getting 
a  satisfactory  pump.  The  punip  used  is  known  in  the  trade  as  the  Barnes 
hydroject  pump,  manufactured  by  Barnes  Mfg.  Co..  Mansfield,  Ohio.  It  has 
a  brass  cylinder  and  throws  one-fourth  liter  per  stroke.  Its  general  appear- 
ance is  shown  in  Fig  4.  To  this  wais  attached  a  net  of  bolting  silk  (Du- 
four  No.  20)  and  a  detachable  bucket.  (Windows  covered  with  wire  cloth. 
200  meshes  to  the  inch.)  A  three-quarter  inch  hose  (inside  measurement) 
was  used.  The  end  was  closed  with  a  cork  and  an  opening  made  in  the 
side  of  the  hose  just  above  the  cork,  so  that  the  water  from  a  given  level 
might  be  secured  with  greater  accuracy.  The  end  of  the  hose  was  fastened 
to  a  float,  so  that  the  collection  could  be  taken  from  any  depth  desired. 
By  means  of  a  rope  and  pulley,  this  float  could  be  placed  at  any  point  in  the 
pond. 

Material  was  killed  in  a  4%  solution  of  formalin.  All  organisms  were 
counted  in  every  collection  except  two.  In  investigating  a  small  area,  I 
l>elieve  that  greater  accuracy  is  secured  by  filtering  a  small  amount  of 
water  and  counting  all  the  oragnisms  than  by  filtering  a  large  amount  and 
counting  a  fraction  of  it.  The  amount  counted  in  either  case  must  be  large 
enough  to  include  samples  of  all  the  organisms  present. 

The  source  of  error  In  the  first  case  Is  the  uneven  distribution  of  organ- 
isms at  a  given  level.  In  the  second  case,  the  error  is  due  to  the  difficulty 
of  thoroughly  mixing  organisms  having  a  different  specific  gravity. 

The  soundings  were  taken  when  the  pond  was  covered  with  ice.  The 
ice  was  ruled  at  ten-font  Intervals,  holes  bored  at  the  Intersections,  depth 
measured  through  these  openings  and  entered  on  the  map  of  the  pond.  A 
guage  was  set  December  21,  1909.  B>om  the  readings  of  the  gauge,  the 
depth  at  any  iwint  at  any  time  could  be  determined. 
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The  data  concerning  elevation  were  taken  in  part  from  the  United 
States  wlief  map  of  the  Bloomlngton  quadrangle,  and  in  part  from  aver- 
ages of  the  barometric  readings.  The  bench  mark  established  by  the  survey 
on  the  university  campus  rendered  exact  correlation  possible. 

The  following  annoted  list  of  species  gives  a  fairly  complete  picture  of 
the  life  in  this  pond.  The  list  of  flagellates  and  desmids  is  not  exhaustive. 
The  diatoms  were  not  identlfietl  because  of  the  inadequacy  of  aecessiblo 
literature.  However,  it  may  be  stated  that  the  diatom  flora  consists  of 
bottom  inhabiting  forms. 

RMzopoda —  protozoa. 

Difflugia  globulosa  Dujardin. 

'ihis  was  the  most  common  protozoan  in  the  pond.  It  was  found  at  all 
seasons  but  was  more  common  in  1910  than  in  1909.  It  is  reduced  in 
numbers  during  the  winter  but  when  the  temperature  begins  to  rise  in  the 
spring,  this  species  begins  to  increase  in  numbers.  In  1910  this  increase 
was  very  regular  from  March  to  August.  The  Difflugia  in  the  quantitative 
plankton  collections  of  that  year  belonged  for  the  most  part  to  this  species. 
In  these  collections  the  number  per  100  liters  varied  from  28  on  February  8 
to  39,780  on  August  12. 
Difflugia  oblonga  Ehrenberg. 

This  variable  species  was  a  common  form  in  1909  but  not  so  plentiful 
in  1910. 
Difflugia  acuminata  Ehrenberg. 

Not  common. 
Difflugia  urceolata  Carter. 

Common  in  the  winter  of  1909-'10.  Greatly  outnumbered  by  D.  globu- 
losa in  the  spring  and  summer.  In  plankton  material  killed  in  formalin, 
I  found  a  typical  individual  of  urceolata  with  the  mouth  of  its  shell  closely 
appressed  to  that  of  a  specimen  of  D.  Globulosa.  Whether  this  was  a  case 
of  fission,  an  animal  building  a  new  shell  or  an  accident,  I  am  unable  to 
state.  I  am  inclined  to  the  belief  that  the  animal  was  dividing.  The 
rounded  shell  was  slightly  smaller  than  the  spined  one.  If  this  be  true, 
the  distinction  between  the  two  forms  is  of  course  not  spet»iflc. 
Difflugia  corona  Wallick. 

Observed  occasionally. 
Difflugia  lobastoma  Leidy. 

Rare. 
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Many  variations  in  the  nature  and  form  of  tlie  test  have  been  observed. 
The  studies  of  Penard  ('02 ),  Avorintzev  ('06)  and  others  have  resulted  In 
more  than  forty  species  being  referred  to  this  genus.  The  many  variations 
observed  in  the  DiflSugia  in  this  limited  habitat  make  evident  the  value  of 
studies  on  the  effect  of  age  and  environment  upon  the  form  of  the  test. 
Such  studies  would  certainly  define  the  species  more  clearly  than  they  are 
at  present    The  difficulties  of  such  experiments  are  obvious. 

liesqnerensia  spiralis  Schlumberger. 
Rare. 

Pontigulasia  compressa  Carter. 
Nov.  9,  1909. 

Arcella  vulgaris  Ehrenberg. 

This  species  was  very  common  on  the  bottom  and  in  the  vegetable  debris 
during  the  year  1909  but  it  was  very  much  reduced  in  numbers  the  next 
year.  In  the  collections  taken  with  the  pump  from  Jan.  5  to  Aug.  12.  it 
(occurred  but  once. 

Centropyxis  aculeata  Stein. 

Occurred  rarely.    Taken  Jan.  5,  1909. 

Actinophrys  sol.  Ehrenberg. 

It  was  not  found  until  May  28,  1910,  when  the  water  temperature  was 
20*"  C.    It  was  quite  common  on  that  date  and  during  the  following  month. 

Flagellata — 
Englena  viridis  Ehrenberg. 

Always  present,  but  reaching  its  maximum  development  in  Aug.,  '10. 
when  27,560  per  100  liters  of  water  were  taken  by  filtering  with  No.  20 
bolting  silk.    This  filter  undoubtedly  allows  some  to  pass  through. 

Phacus  pleuronectes  MQller. 
Phacus  pyrum  Ehrenberg. 

Both  species  were  present  among  the  filamentous  algSB  at  all  seasons 
but  never  in  great  quantity.  The  former  was  much  the  more  common.  On 
account  of  their  association  with  the  algrm  they  wore  always  more  plentiful 
in  the  margins  of  the  pond. 

Peridinium  tabulatum  Ehrenberg. 

A  form  that  was  referred  to  this  species  was  observed  in  some  ma- 
terial brought  into  the  laboratory  Jan.  18,  1910.  This  material  consisted 
of  debris  and  water.    It  was  kept  in  a  clean  glass  Jar  covered  with  glass 
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Ordinarily  this  species  develops  in  swarms  but  it  never  occurred  in 
quantity  in  the  pond. 

Trachelomonas  annata  Ehrenberg. 

Obtained  Jan.  18  and  Feb.  2  by  the  same  method  as  Peridinium,  already 
described. 

Halteris  sp. 

Common  among  algse  at  south  end  of  pond,  Apr.,  1910. 

Vorticella. 

This  genus  occurred  sporadically  during  the  warmer  months.  Specific 
Identification  was  not  made  every  time  it  was  observed. 

It  was  present  as  late  as  Nov.  25,  1909,  and  reappeared  in  May.  The 
most  common  form  was  referred  to  V.  microatomata  Ehrenherg.  V.  campa- 
nula Ehrenberg  was  present  in  large  quantities  Oct.  26,  1910,  when  the 
water  temperature  was  13.6^  C. 

Epistylus  sp. 

A  dilate  belonging  to  this'  well  marked  genus  was  taken  March  11, 
attached  to  the  edge  of  the  thorax  (usually  near  the  posterior  angle)  of  an 
aquatic  l>eetle.  It  is  not  referable  to  any  species  to  whose  description  I 
have  access.  The  zoolds,  when  completely  expanded,  are  1/5  mm.  long  by 
1/12  mm.  wide.  The  stems  branch  dichotomously  and  are  segmented  at  the 
base  of  each  branch.  The  planes  of  successive  branchings  are  usually  at 
right  angles  to  each  other.  The  branches  are  from  30  to  40  n  long  and 
from  20  to  30  /z  wide.  From  this  method  of  branching  the  colony  tends 
to  form  a  spherical  sector  of  increasing  size.  The  outer  surface  of  this 
sphere  is  formed  by  the  zoolds,  which  when  contracted  in  a  well  developed 
colony,  touch  each  other  forming  a  continuous  surface.  The  cell  walls  are 
fairly  firm  and  a  limited  surface  is  exposed.  Some  water  is  probably  re- 
tained among  the  stalks  below  the  zooids.  This  seems  to  enable  them  to 
prevent  desiccation  in  a  degree.  The  following  observations  support  this 
inference:  A  well  developed  colony  attached  to  a  bit  of  the  thorax  of  a 
beetle  was  left  on  a  slide  under  a  cover  glass  at  4:20  p.  m.,  room  tem- 
perature about  70**.  The  water  under  the  cover  soon  evaporated.  At  7 :50 
a.  m.  the  following  day,  the  slide  was  examined.  The  outlines  of  the  con- 
tracted zooids  were  still  discernible.  The  colony  was  removed  to  tap  water 
in  a  Btentor  dish.    At  noon,  about  20%  had  revived  and  were  actively  feed- 


408 

ing.  The  amount  of  drying  to  which  they  had  been  subjected  seeois  to  be 
near  the  limit  for  the  species.  They  do  not  recover  if  completely  desic- 
cated.   The  relation  of  this  to  distribution  will  be  noted  subsequently. 

PULTYHELMINTHES. 

Trematoda — 
Diplodiscus  sp." 

Young  treniatodes  belonging  to  this  genus  were  taken  from  the  ali- 
mentary tract  of  the  larvjp  of  Rana  catesblana  Shaw  during  Feb.,  '11. 

They  were  free  in  the  intestine  of  the  amphibian  larvae.  The  contents 
of  the  digestive  tract  of  the  worm  seemed  to  l>e  derived  from  the  surround- 
ing medium,  i.  e.,  the  food  material  in  the  intestine  of  the  "tadpole."  Sex- 
ually mature  individuals  were  taken  from  larvjp  of  the  same  frog  at>out 
one  month  later  (Mar.  20,  '11).  I  have  been  unable  thus  far  to  determine 
the  invertebrate  host  of  this  trematode  in  this  pond.  The  most  numerous 
mollusc  is  Luccinea  retusa  Lea.  But  mrfny  dissections  have  failed  to  reveal 
trematode  infection. 

The  following  intermediate  stages  taken  with  the  plankton  catches  in 
the  open  water  have  been  noted.  One  cercaria  on  each  of  the  following 
dates:    May  5,  '09;  Jan.  11,  '10;  Apr.  15,  '10. 

A  ciliated  larva  was  taken  May  28,  '10.  The  only  evidence  that  these 
are  the  developmental  stages  of  EMplodiscus  is  that  Diplodiscus  is  the  only 
trematode  known  from  this  pond.^ 

TBOCHELMmTHBS. 

Ten  rotifers  were  identified  from  the  pond.  Others  were  observed 
occasionally  but  were  not  identified.  Their  rare  occurrence,  and  the  fact 
that  the  methods  used  in  the  preservation  of  the  material  were  not 
especially  adapted  to  rotifers,  often  rendered  exact  identification  Im- 
possible. 

Of  the  ten  rotifers,  three,  Anurcea  aculatca  Ehrenberg;  Hydatina  genta 
Ehrenl>erg,  and  Monostyla  lunaris  Ehrenberg,  occurred  in  quantity  in  tiie 
open  water  of  the  pond.  The  first  was  common  in  1908,  the  other  two  in 
1910.    The  other  five  were  never  common. 


'Identified  by  Prof.  H.  B.  Ward, 
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Anuria  aculatea  Ehrenberg. 

Found  Nov.  25,  1908,  tw'o  days  after  the  rain  which  ended  the  drouth 
of  that  year.  It  was  quite  numerous  that  fall  and  was  present  the  fol- 
lowing year  until  December,  but  not  in  such  numbers.  It  was  absent 
entirely  in  the  collections  of  1910. 

Cathypna  luna  Ehrenberg. 

May  15,  1910.    Not  common. 

Diurella  tenuior  Gosse. 
Spring  1907.    Rare. 

Pedalion  mirum  Hudson. 

Present  in  considerable  numbers  during  May  and  June,  1909. 

Rotifera  tardus  Ehrenberg. 
April  15,  1911. 

Anursea  cochlearis  Gosse. 

In  quantitative  collection  of  April  14,  1910.  One  specimen ;  spines  well 
developed. 

Hydatina  senta  Ehrenberg. 

Appeared  rarely  in  spring  of  1910.  First  observed  April  14.  It  did 
not  develop  in  any  quantity  until  July.  On  July  15  there  were  1,560  per 
100  liters  of  water.    Aug.  12,  this  had  Increased  to  1,625. 

Monostyla  lunaris  Ehrenberg. 

Appeared  April  19,  1910.  On  that  date  there  were  88  per  100  liters. 
It  reached  its  maximum  development  In  July  with  1,463  per  100  liters. 

Monostyla  cornuta  Ehrenberg. 

Aug.  15,  1910.  This  form  may  have  been  counted  with  preceding  but 
partial  re-examination  of  material  did  not  show  this  to  be  true. 

Diglema  forcepata  Ehrenberg. 

Occasionally  from  Feb.  4  to  Aug.  15,  1910. 

•  ANNELIDA. 

Oligochwta — 
Limnodrilus  sp. 

An  oligocha'te  worm  belonging  to  the  family  Tubificldfe  was  referred 
to  this  genus.  Its  complete  anatomy  has  not  yet  been  worked  out.  It 
occurs  in  great  numbers  among  the  roots  and  about  the  root  stalks  of 
Typha.     In  this  pond,  this  is  its  exclusive  habitat.    The  alimentary  tracts 
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of  these  worms  are  always  filled  with  decaying  vegetable  matter.  They  are 
ravenously  eaten  by  Amblystoma  larvae  and  Diemyctylus.  These  two  facts 
probably  account  for  their  occurrence  in  this  limited  habitat 

CBUSTACEA. 

Arthropoda — 
Daphnla  pulex  DeGeer. 

Occurred  twice,  in  March  and  April,  1909,  and  in  May,  June  and  July. 
1910.  Its  maximum  occurrence  was  on  June  15,  1910,  when  there  were  80 
[)er  hundred  liters  of  water.  In  towing  collections,  often  but  a  single 
specimen  was  taken. 

Simocephalus  vetellus  Mueller. 

The  most  conspicuous  crustacean  of  the  pond.  It  is  numerous  at  all 
seasons  among  the  plants  and  plant  remains.  It  is  rarely  taken  in  the 
cpen  water  of  the  central  part  of  the  pond.  Adults  were  taken  two  days 
after  the  rain  which  terminated  the  drouth  in  1908.  It  was  found  that  in 
cultures  it  takes  from  10  to  12  days  for  adults  to  develop.  B^om  these 
facts,  it  appears  that  this  crustacean  was  able  to  survive  the  drouth  as  an 
adult.  To  do  this,  it  must  have  worked  its  way  down  through  the  vege- 
table debris  to  the  water  level.  It  is  present  at  all  i)eriods  of  the  year, 
producing  a  maximum  of  25  young  in  a  brood.  It  makes  a  slight  diurnal 
vertical  migration.  This  Is  difficult  to  demonstrate  quantitatively  because 
of  its  habitat.  If  the  surface  of  the  water  be  "skimmed"  with  a  fine 
meshed  net  during  the  day,  very  few  if  any  individuals  are  taken.  How- 
ever, many  individuals  are  taken  by  this  operation  at  any  hour  of  the 
night  during  the  summer  months. 

Alona  quadrangularis  Miiller. 

Appeared  in  March,  1910.  Taken  with  young  in  brood  chambers- 
Never  more  than  120  per  hundred  liters  until  May  28,  when  696  per  hun- 
dred were  taken.  It  varied  during  June,  July  and  August  from  500  to  780 
I>er  hundred  liters,  the  maximum  occurring  on  Aug.  12.  Eggs  were  present 
In  brood  chambers  In  a  large  per  cent,  of  them  from  April  till  August  of 
this  year. 

Cypridopsis  vidua  Brady. 

Appeared  as  soon  as  the  pond  began  to  fill  with  water  in  Nov.,  190^ 
During  the  following  winter  and  spring  It  was  one  of  the  most  ccmsplcuous 
forms.    No  attempt  was  made  to  estimate  Its  numbers,  but  a  small  quan- 
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tity  of  water  dipped  from  any  part  of  the  pond  during  this  period  always 
contained  them.  They  could  he  seen  feeding  at  any  time  on  vegetable 
debris,  Tsi>ha  stems  and  algse. 

During  the  spring  of  1909  the  number  began  to  decrease,  and  in  the 
autumn  they  disappeared.  They  were  never  observed  in  1910,  although 
the  pond  was  examined  for  them  many  times.  This  fact  has  an  important 
l>earing  upon  the  general  problem  of  distribution,  as  will  be  pointed  out 
later. 

Cypris  virens  Jurine. 

This  form  has  been  present  at  all  times  but  never  developed  in  great 
quantity.  Its  greenish  color  and  the  fact  that  it  is  more  closely  confined 
to  the  substratum  than  Cypridopais  vidua,  render  it  less  conspicuous. 

Oyclops  serrulatus  Fischer. 

Taken  March  17,  1910,  with  eggs.  Numerous  in  the  shallower  parts 
of  the  pond  during  the  latter  part  of  the  month. 

Cyclops  bicuspidatus  Claus. 

The  typical  form  was  present  during  the  spring  of  1910  but  did  not 
occur  in  great  numbers. 

Most  females  taken  were  carrying  egg  sacks.  During  July  and  August 
as  noted  in  the  discussion  of  the  plankton,  this  species  occurred  in  great 
numbers,  the  maximum  being  on  August  12,  when  704,600  per  100  liters 
were  present  However,  the  individuals  were  smaller  and  the  stylets 
shorter  and  relatively  thicker  than  in  the  spring  forms. 

Pearse  (*05)  reports  this  speiies  as  occurring  in  the  spring  in  Ne- 
braska. In  the  Illinois  River,  it  Is  reported  as  a  winter  form,  Kofold  C03). 
In  Lake  Michigan  it  is  a  summer  form,  Forbes  ('82).  In  Wisconsin  lakes 
it  is  active  in  the  cooler  parts  of  the  year  and  passes  the  summer  in  a 
gelatinous  cocoon.  The  seasonal  distribution  In  different  habitats  of  this 
variable  form  offers  an  enticing  problem. 

Cyclops  phaleratus  Koch. 

Taken  during  March,  1910.  Numerous  April  15,  1911.  Found  among 
Tjrpha  and  near  the  edge  of  the  pond. 

TABUIORADA. 

MacrobiotuB. 

A  form  which  was  referred  to  this  genus  was  taken  in  the  spring  of 
1910.    They  occurred  in  quantity  on  April  23,  and  for  about  one  month 
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thereafter,  in  the  gelatinous  matrix  around  the  eggs  of  the  mollusc  Succinea 
retiMa  Lea.  I  hey  did  not  occur  in  egg  masses  recently  laid.  As  the  egg^ 
develop,  the  matrix  gradually  disintegrates  and  a  large  number  of  minute 
fiagellatn's  develops  in  the  matrix  during  this  process  of  disintegration. 
This,  in  [jart,  nccounts  for  the  presence  of  the  Tardlgrada,  for  they  were 
feeding  on  the  flagellates,  the  disintegrating  matrix  or  both. 

On  May  15,  one  was  talsen  containing  10  eggs  which  almost  filled  the 
specimen.  June  15,  one  was  taken  with  11  eggs.  Others  taken  at  this  time 
also  contained  eggs. 

None  was  taken  after  June  15.  Those  taken  on  this  date  were  captured 
with  a  silk  net  in  open  water. 

Hewapoda — 
Notonecta  sp. 

This  backswimmer  emigrated  from  the  pond  when  it  dried  up,  if  it  had 
been  present  previously.  It  was  not  observed  during  the  ^ring  of  1909, 
but  since  that  time  it  has  been  abundant 

Limnobates  lineata  sp. 

Frequent  near  the  margin  of  the  jK)nd. 

Hygrothechus  sp. 

This  water  strider  was  first  observed  March  7,  1909.  Tliey  appear 
soon  after  the  ice  melts  and  remain  until  the  freezing  weather.  Adults 
hibernate.  They  are  primarily  the  scavengers  of  the  surface,  yet  the 
rapidity  with  which  they  perform  their  work  makes  observation  difficult, 
as  the  following  example  indicates:  On  Mar.  24,  1910,  an  ichneumon  fly 
accidentally  fell  into  the  water.  Instantly  it  was  punctured  by  three 
of  these  water-striders.  In  spite  of  its  larger  size  and  powerful  struggle, 
the  ichneumon  was  soon  reduced  to  practically  an  empty  shell. 

Cnemidotus  12-punctatus  Say. 

Always  present  on  plant  steins  and  debris.  Noted  by  Blatchley  as 
more  common  in  northern  part  of  State  than  in  southern.    Hibernates. 

Cnemidotus  muticus  Leclerc. 

Occurs  with  preceding  species.    Rather  more  common.    Hibernates. 

Hydrocanthns  iricolor  Say. 

Present  in  considerable  numbers  throughout  the  year. 

Laccophilus  maculosus  Say. 


413 

LQCcopbtlus  fasciatus  Aube. 

Both  species  present  in  about  e<iuai  numbers.     Hibernate 

Ilydrovatus  pustulatus  Melsh. 

About  the  southern  limit  of  its  range.  Present  throughout  the  year 
but  not  numerous. 

C'optotomus  interrogatus  Fabricius. 

One  of  the  common  beetles  In  the  pond.  Could  be  taken  in  numbers 
at  any  season. 

Graphoderes  liberus  Say. 

Blatchley  notes  concerning  this  beetle:  "Putnam  and  Lawrence  coun- 
ties, frequent  in  woodland  ponds."  In  this  pond  I  have  tali  en  but  one 
specimen  and  have  seen  no  other.  This  was  taken  June  6,  1910.  It  Is 
quite  probable  that  it  had  just  immigrated. 

Dineutes  assimilis  Aube. 

Present  from  April  to  October  in  characteristic  groups  on  the  surface 
of  the  pond. 

Tropistemus  niixtus  Leclerc. 

« 

The  most  common  beetle  in  the  pond.  Could  be  seen  beneath  the  ice 
in  winter. 

Berosus  peregrinus  Herbst. 

Not  common. 

Of  the  four  families  of  beetU^s  foimd  in  this  pond,  the  Gyrinidae  are 
confined  to  the  surface,  the  Halii)llda»  occur  at  the  bottom  "crawling"  over 
the  plant  stems  and  sticks,  while  the  Dytis^Idii*  and  Ilydrophylidai  occupy 
tlie  intervening  space  as  well  as  surface  and  bottom.  The  surface  supports 
one  si)ecies,  the  bottom  two,  while  eiglit  si)ecies  are  more  generally  dis- 
tributed. 'I  he  Dytiscidce  are  represented  by  six  species,  the  Hydrophilidie 
by  two.  The  Dytiscldje  are  much  stronger  swimmers  and  more  voracious 
feeders  than  the  Hydrophilldie,  which  facts  may  account  for  their  more 
successful  occupancy  of  the  pond. 

Hetierina  americana  Fabricius. 

Taken  flying  over  pond  Aug.  12,  1910. 

I^estes  cdngener  Hagen. 

Taken  Sept.  1,  1910.    On  that  date  they  were  numerous  over  pond. 

Ischnura  vertlcalis  Say. 
Emerging  June  18. 
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ADax  Junius  Drur^^. 

A  single  specimen  Aug.  12. 

Sympetrum  yicinum  Hagen. 

Two  specimens  taken  June  18. 

Lil>ellula  pulcliella  Drury. 

June  18,  July  16,  Aug.  12.  Emerged  from  nymphs  in  aquaria  durinp: 
June  and  July.  Nymphs  of  this  form  were  the  most  numerous  of  the 
group. 

Libellula  lydla  Drury. 

Flying  over  pond  Aug.  12. 

Corethra. 

Corethra  larvce  either  had  never  been  in  this  pond  before  1909,  or  had 
been  exterminated  by  the  drying  up  of  the  pond  in  the  autumn  of  lOOS. 
The  latter  proposition  seems  to  be  the  correct  one. 

As  stated  previously,  no  collections  were  taken  during  the  summer  of 
1909.  In  the  autumn  when  observations  were  resumed,  corethra  larvn* 
were  present  in  enormous  numbers.  Their  numbers  have  not  appreciably 
decreased  since.  The  reappearance  of  the  larvae  may  be  accounted  for 
either  (1)  by  eggs  having  lain  dormant  during  the  dry  period  and  winter, 
and  then  hatching  as  the  temperature  increased  the  following  spring,  or 
(2)  adult  imagoes  may  have  migrated  to  the  pond  during  the  spring  and 
summer  of  1909.  I  think  that  the  first  proposition  is  untenable  because  on 
May  25,  1910,  larvae  3  mm.  long  were  present  that  had  been  hatched  from 
the  eggs  of  that  year.  It  is  not  likely  that  larvae  of  that  size  could  have 
escaped  observation  the  previous  spring.  If  the  species  was  re-introducetl 
into  the  pond  by  the  imago,  it  necessitated  a  migration  of  over  a  mile. 
Wind  doubtless  influences  these  flying  forms,  so  that  their  migration  was 
partially  passive. 

Chironomus  sp. 

Larvse  occurred  rarely. 

MOLLUSCA. 

Oaatropoda — 
Succlnea  retusa  Lea. 

The  most  common  mollusc  of  the  pond.  Eggs  laid  in  April,  May  and 
June.  Hatched  in  about  15  days.  This  period  probably  varies  with  tem- 
perature.   At  12°-14°  C,  eggs  laid  April  8  hatched  AprU  23. 
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Tebennophonis  dorsal  is  Binney. 

This  slug  is  common  in  Indiana.  However,  only  a  single  specimen  was 
taken  in  the  pond,  Oct.  16,  1910,  in  the  debris  at  the  bottom.  (It  seems  to 
have  been  recently  introduced. ) 

Ancyclus  tardus  Say. 

Not  uncommon.  Ibis  shell  is  reported  by  Call  ('99)  to  be  common  in 
the  Wabash,  Ohio  and  Maumee  rivers.  In  all  references  that  I  have  been 
able  to  find,  it  is  recorded  from  streams.  But  most  expeditions  that  were 
for  the  siK'lal  purpose  of  collecting  molluscs,  were  made  along  streams. 
The  forms  from  the  land-locked  pools  have  been  collected  more  Incidentally. 
These  facts,  together  with  the  small  size  of  the  siHH'ies,  account  for  the  oft 
repeated  statement  of  its  distribution. 

Vertehrata — 

AMPHiniA. 

Amblystoma  jeffersonianum  Green. 

The  adult  of  this  form  has  not  lK»en  taken  in  the  pond,  but  is  known 
from  the  ravine  to  the  north.  Egg  masses,  referred  to  this  species,  were 
present  March  17.  1910.  One  mass  contained  10  eggs  and  another  20. 
March  24,  1011,  a  mass  was  observed  containing  24  unhatched  larvje.  Di- 
ameter of  outer  envelope,  13  mm.  Diameter  of  total  mass,  CO  mm.  length 
of  larvjp,  13  mm.    Fastened  to  grass  13  cm.  below  surface. 

Diemyctyius  viridescens  Raflnefque. 

Common.  Six  taken  in  an  area  about  one  foot  s<iuare  in  February, 
1911.  Its  habits  have  been  worked  out  in  detail  by  Uage  ('91)  and  Jor- 
dan ('93). 

Hyla  pickeringii  Ilolbrook. 

Three.     Numerous.     Appeared  March  24,  1010.     Eggs  in  May. 

Rjina  catesbiana   Shaw. 

Common.  Nine  specimens  tnkvn  during  May,  1010.  Egg-laying  period. 
June  and  July.  Recently  laid  eggs  as  late  as  July  15.  Reduction  in  level 
kills  many  eggs. 

AVES. 

Anas  discors  Linnaeus. 

A  duck  was  flushed  from  the  F>ond  April  21,  1909.  Identification  was 
made  while  the  bird  was  on  the  wing.  It  circled  three  times,  coming  quite 
near.     The  identification  is  probably  correct.     This  bird  has  the  s^reatest 
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range  of  any  individual  organism  found  on  the  pond.  The  A.  O.  U.  check 
list,  1910,  gives  its  range  as:  North  America  in  general,  but  chiefly  the 
10a  stern  Province  north  to  Alaska  and  south  to  West  Indies  and  northern 
South  America ;  breeds  from  northern  United  States  northward. 

It  is  altogether  probable  that  other  water  birds  visit  this  pond.  I  have 
seen  various  species  of  ducks  and  sand  pipers  on  similar  ponds  in  this 
region.  On  the  water  works  reservoir,  a  small  artificial  lake  about  three 
miles  distant,  ducks,  loons,  grebes,  etc.,  may  be  seen  almost  any  time 
during  their  migration  period.  McAtee  ('05)  lists  44  water  birds  from 
this  region,  20  of  which  he  marks  as  regular  migrants. 

Agelalus  phoeniceus  Llnnteus. 

Red  winged  blackbirds  were  first  seen  on  the  pond  May  5.  1909.  Two 
pairs  nested  during  the  summer  of  1909  on  the  south  part  of  the  pond. 
The  nests  were  attached  to  the  Typha  stems  over  the  water.  Three  pairs 
nested  near  the  same  place  in  the  pond  in  1910. 

Many  other  birds  were  seen  near  the  pond  or  perched  on  the  Typha 
sterna  The  most  common  of  these  were:  Turtle  Dove,  Zenaiduro  ma- 
croura  L.;  Quail,  CoUnus  virginianus  L.;  Tree  sparrow,  Spizella  inonticola 
Omelin;  Fox  sparrow,  Passerella  iliaca  Mcrrem;  Field  sparrow,  Spizella 
pusilla  Wilson;  Junco,  Junco  hyemalis  L, 

FLORA. 

Algw — 
Closterium  diame  Ehrenberg. 

April  1,  1910.    Common  among  filamentous  algae. 

Cosmarium  botrytis  Menegh. 
Common,  spring  1910. 

C.  tetraophthalmum  Kuetzlng. 
Rare. 

Docidium  crenulatum  Rabenhorst. 

This  and  other  si>ecies  of  this  genus  occurred  sparingly  in  most  col- 
lections. 

Spirogyra  majuscula  Kuetzlng. 

During  the  winter  of  1909-10.  This  alga  developed  in  considerable 
quantity  In  the  southern  part  of  the  pond. 

Zygnema  stetlum  Agardh. 
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A  few  filaments  observed  Nov.  23,  1909,  Jan.  9,  1910.  Never  observed 
In  fruit. 

Oedogonlum  undulatuni  Brebisson. 

The  most  abundant  alga  In  the  i)ond.  It  is  present  throughout  the 
year.  It  was  observed  fruiting  sexually  on  Nov.  IH,  1909,  and  April  13. 
1910.  After  the  sexual  season  in  the  spring  the  plants  decline  in  vigor. 
There  are  enormous  numbers  of  oospores  present  in  the  water  at  this 
time. 

Chnetophora  pisiformls  Roth. 

Common  at  all  seasons  on  stems. 

Typha  latifolla  L. 

This  is  the  most  consi)l(uou8  plant  m  the  pond.  It  covered  the  shal- 
lower two-thirds  of  the  pond  in  1908  and  has  since  increased  to  about  three- 
fourths  of  the  total  area.  It  Is  from  this  plant  that  most  of  the  vegetable 
debris  on  the  bottom  of  the  pond  Is  derived. 

In  1910  shoots  appeare<l  from  the  stolons  Mar.  24.  Seeils  l>egan  ger- 
minating April  8,  flowers  were  formed  In  June  and  seeds  were  rli>e  early  In 
September. 

The  seeds  which  fali  in  the  water  are  usually  blown  to  the  lee  side 
of  the  pond  where  they  collect  in  dense  masses.  This  results  in  very 
weak  seedlings  during  germination.  A  slight  reduction  of  level  Is  fatal 
at  this  period.  Besides  this,  the  margin  where  these  seeds  germinate  is 
already  occupied  by  parent  plants.  From  these  facts.  It  Is  evident  that  the 
seeds  of  1  jrpha  are  very  inefficient  In  Increasing  the  number  of  plants  In 
a  pond  wher*»  It  Is  already  eptablished.  The  Increase  Is  derived  chiefly 
from  buds  from  the  stolons.  The  seeds,  while  111  adapted  to  this  function, 
are  very  efficient  In  securing  the  Introduction  of  the  species  Into  ponds 
unoccupied  by  it.  On  a  spike  150  mm.  long,  I  have  estimated  the  number 
of  seeds  to  be  27,000.  How  far  they  may  be  carried  by  wind  Is  conjectural, 
and  on  that  account  this  efficiency  can  not  be  reduced  to  figures.  The 
chances  of  introduction  of  any  wind-blown  seed  is  inver.se  to  the  distance 
from  the  center  of  distribution,  but  the  proportion  is  unknown.  Certainly 
It  Is  greater  in  the  dlrcvtlon  of  the  prevailing  winds  than  In  any  other.  It 
may  be  observed  that  If  the  seeds  were  distributed  evenly  over  a  circle 
whose  radius  is  one  mile  (the  distjince  to  the  nearest  pond)  a  seed  from 
each  spike  would  have  appn)ximately  five  chances  in  six  of  hitting  a  pond 
of  that  size  (70  ft.  In  diameter)  placed  anywhere  in  this  circle. 

[27—26988] 
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Altsina  Plnntiigo  nquntica  L. 

Occurs  sparsely  at  the  margin  of  the  lumd. 
(*overs  the  bottom  between  the  Typlia  stalks  on  the  north  and  east  sides 
of  the  i)ond. 

These  three  ]>hanerogams  occur  in  the  pond.  Near  the  margin  of  the 
pond  occur  Bidens  and  ('arex,  whose  principal  relation  to  it  is  that  they 
cause  the  deposition  of  much  of  the  silt  before  it  reaches  the  pond. 

PLANKTON. 

The  accompanying  table  records  the  observations  on  the  more  abundant 
and  more  strictly  plankton  organisms  in  the  pond  from  Jan.  25  to  Aug. 
12,  1910.  The  most  apparent  fact  Is  the  dearth  of  organisms  in  the  open 
water  during  the  extremely  low  temperature  of  January  and  February, 
Euglena  virides  Ehr.,  and  Euglena  acus  Ehr.  being  the  most  abundant. 
A  few  rotifers  were  observed  during  the  winter,  but  no  marked  develop- 
ment of  this  class  was  observetl  until  the  latter  part  of  April.  Polyarthra 
reached  its  maximum  on  May  28,  and  Monostyla  in  August.  Hydatina  is 
strictly  a  summer  form. 

Wesenberg-Lund  ('08,  p.  255)  states:  ''Rhizopoda  are,  so  far  as  my 
experience  goes,  of  quite  secondary  imi)ortance  in  the  pond  plankton."  This 
pond  certainly  differs  from  those  of  Denmark,  for  the  development  of  Dif- 
flngia  is  constant  and  fairly  regular  from  February  to  August,  when  297,800 
per  cu.  m.  were  present.  Actinophrys  was  very  common  near  the  margins 
during  May. 

There  are  two  pulses  of  cyclops.  A  very  slight  one  in  April  and  an 
enormous  one  in  August.  It  Is  possible  that  some  of  the  cyclops  were 
able  to  avoid  the  intake  of  the  collecting  apparatus.  This  of  course  would 
make  the  members  in  the  table  too  low.  In  April  the  cyclops  were  quite 
evident  in  the  shallow  water  near  the  shore.  However.  It  was  difficult  to 
apply  quantitative  methods  to  this  region.  During  the  August  pulse,  none 
was  seen  near  the  shore.  This  may  have  been  due  to  the  fact,  noted  else- 
where, that  they  were  smaller  than  C.  hicuspidatm  usually  is. 

ECOT/OOICAL  BELATIONS. 

In  the  ecology  of  any  association  of  organisms,  t>vo  complicated  prob- 
lems or  sets  of  problems  present  themselves.  These  are  (1)  how  was  each 
of  these  organisms  introduced,   (2)  what  factors  condition  their  continu- 
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{ineoV  Without  pivsiiniini:  to  give  a  final  answer  to  these  questions,  I 
sliall  present  such  facts  as  l)oar  on  tlie  distribution  and  interrelations  of 
tlie  organisms  of  this  pond. 

On  the  basis  (»f  methods  of  disi)ersal,  these  organisms  fall  luto  two 
groups,  active  migrants  and  passive  migrants.  The  active  migrants  include 
tlie  vertebrates  and  insects,  which  are  limited,  for  the  most  part,  to  the 
American  c^mtinent,  while  the  passive  migrants  Include  all  the  other  forms 
wliich  are  practically  cosmoi)olltan  in  their  distribution.  To  discuss  the 
distribution  of  the  active  migrants  would  involve  a  consideration  of  their 
relationships  and  phylogeny  which  is  not  within  the  province  of  this 
paper. 

Of  the  passive  migrants,  the  cmstacea,  rotifera,  protozoa,  and  most  of 
tlie  algffi  are  known  from  both  Europe  and  America.  Some  of  the  forms 
have  a  much  wider  distribution.  DIfflugia,  for  example,  Is  recorded  by 
lUitschli  from  all  the  continents  except  Africa  (where  it  doubtless  exists). 
Recently  Edmonson  ('10)  has  reported  Difflugia  pyriformia  from  Tahiti. 
The  presence  of  this  form  on  a  recently  formed  isle,  geologically  speak- 
ing, 4,(X)0  miles  from  a  mainland,  certainly  makes  probable  its  worldwide 
distribution. 

The  cosmopolitan  distribution  of  the  passive  migrants  can,  I  think, 
i)Q  explained  by  an  analysis  of  the  agencies  by  which  they  are  carried.  Of 
tliese  agencies,  the  principal  ones  are  birds,  beetles  and  wind. 

Of  the  birds,  only  the  water  birds  need  be  considered  as  the  relation 
of  land  birds  to  aquatic  organisms  is  accidental. 

De  Guerne  ('88)  established  that  water  birds  do  carry  a  great  variety 
of  small  aquatic  organisms.  In  examining  the  fresh  water  fauna  of  the 
Azores,  he  discovered  that  the  micro-organisms  belonged  to  species  found 
in  France.  This  suggested  water  birds  as  a  distributing  agency.  He  took 
a  wild  duck  (Anas  boschas  L.)  and  made  cultures  from  the  dried  particles 
of  slime  from  Its  bill,  feathers  and  feet.  From  these  cultures  he  obtained 
jirotozoa,  rotifera,  nematoda,  algae,  cladocera,  ostracoda,  bryozoa  and  in- 
sect larvae. 

Zacharias  ('S8)  points  out  the  fieces  of  these  birds  as  an  additional 
source  of  micro-organisms.  I  Iiave  seen  but  two  water  frequenting  bird.<? 
on  this  pond,  but  it  is  occasionally  visited,  in  all  probability,  by  those  in 
whose  migration  path  it  lies.  Of  the  twenty-two  water  birds  which  are 
rctjular  migrants  or  residents  (Including  the  blue  winged  teal,  the  kildeer 
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Table  No.  -. 

Showing  the  Water  Birds  Which  Are  Common  in  tht  Mcinity  of  the  Pond 

at  Some  Time  During  the  Year. 


Spkcdbs. 


Regions  Over  Which  They  Are 
Distributed. 


1.  Homed  grebe,  Colymbus  auritus  Linn 

2.  Pied  billed  grebe,  Podilymbus  podiceps  Linn 

3.  hooUt  Gavia  imber  BrOnnioh 

4.  American  merganser.  Merganser  americanus  Cass 

5.  Hooded  Merganser,  Lophodytes  cucullatus  Linn 

6.  Mallard,  Anas  platyrh3nichos 

7.  Green  winged  teal.  Nettion  carolin^ise  Gmelin 

8.  Blue  winged  teal,  Querquedula  disoors  Linn 

9.  Shoveller,  Spatula  clsrpeata  Linn 

10.  Pintail,  Dafila  acuta  Linn 

11.  Wood  duck,  Aiz  sponsa  Linn 

12.  Canvas-back,  Mania  valUsneria  Wils 

13.  Lesser  scaup-duck,  Marila  affinis  Eyt 

14.  American  golden  eye  clangula,  Clangula  americana  Bonap. 

15.  Canada  goose,  Branta  canadensis  Linn 

16.  American  bittern,  Botaurus  lentiginosus  Montag 

17.  Great  blue  heron,  Ardea  herodias  Linn 

18.  Wilson's  snipe,  Gallinago  delicata  Ord 

19.  Pectoral  sandpiper,  Picobia  maculata  Viell 

20.  Solitary  sandpiper,  Totanus  soUtarb  Wils 

21.  ^x>tted  sandpiper,  Actitis  macularia  Linn 

22.  Killdeer.CEgialitis  vocifera  Linn 

Total 
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imU  the  twenty  marked  by  McAtct*  ('Ori)  as  foninion),  all  ;ire  found  lu  tht 
UnittHl  States  and  Canada,  11>  ivadi  Mexico,  1(»  Central  America,  7  South 
America  oast  of  the  Andes,  2<>  the  West  Indies,  5  Greenland  and  11  are 
reported  from  Europe.     (See  Table  No.  2.) 

Of  the  24  other  water  birds  listed  as  rare  or  occasional  from  this 
region,  thre<*  reach  Chili  and  one  Greenland.  The  range  of  no  individual 
bird  is  as  great  as  that  of  its  species,  but  many  of  the  water  birds  are 
gregarious  at  some  season,  so  that  the  organisms  which  they  carry  would 
soon  be  distribute<l  qver  tlieir  entire  range.  This  does  not  necessarily  raean 
that  these  organisms  would  develop  over  the  entire  area. 

The  following  examples  show  how  the  area  may  be  connected  with 
the  rest  of  the  globe.  Besides  the  four,  indicateil  in  the  table  as  occurring 
more  or  less  regulariy  in  Euroi)c,  others  apiiear  accidentally  (Headley. 
'95).  The  Turnstone  (Headley  1.  c.)  migrates  from  Greenland  across  Eu- 
rope to  Austrsilia.  Hon>oeirs  Grebe  (Colynibus  holboelll  Reinh)  is  dis- 
tributed o\ier  North  America,  (iret^nland.  Eastern  Siberia,  south  to  Japan, 
thus  connecting  Ameri(»a  and  Asia.  These  forms  all  breed  inland  so  that 
they  are  related  strictly  to  the  fresh  water  fauna.  The  list  may,  of  course, 
be  extended  almost  Indefinitely.  Marine  birds,  such  as  the  albatross  hare 
a  much  wider  range  but  they  rarely  come  inland. 

Birds  are  the  chief  agencies  in  the  distribution  of  Crustacea  (cladocera. 
coi)epoda),  whose  eggs  arc  too  large  to  be  wind-blown.  The  reduction  in 
the  number  of  water  birds  which  has  taken  place  in  the  last  half  century 
certainly  has  reduced  the  chances  of  a  crustacean  reaching  a  pond  at  the 
period  suitable  to  Its  development.  In  the  larger  bodies  of  water  this  rela- 
tion is  not  so  evident  nor  so  patent  because  they  are  much  more  static. 

Insects  migrate  very  short  distances  compared  with  birds.  However 
they  do  carry  organisms  from  one  pond  to  another  In  a  limited  locality. 
The  aquatic  l)eetles  and  some  Hemiptera  are  the  most  efficient  agencies  be- 
cause the  imagoes  si)end  most  of  their  life  in  the  water  where  alg«e  and 
l>rotozoa  become  attached  to  them.  Occasionally,  however,  they  leave  the 
water,  as  is  attested  by  the  fact  that  they  collect  around  a  light  at  sonic 
distance  from  their  habitat. 

In  this  iMind  I  have  often  noted  beetles  with  vorticellce  and  other  cili- 
ates  attached.  The  attachment  of  stalked  dilates  to  beetles  Is  mentione<i 
by  Stein  ('."i4)  and  others.  Migula  ('SS)  having  found  a  single  beetle  asso- 
ciated with  algip  in  a  pool  ',\0  cm.  in  diameter  near  the  summit  of  Blskideu 
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mouutaius,  coDcluded  that  the  beetle  had  carried  the  alga?.  Later  he  ex- 
amined six  beetles  belonging  to  three  species,  from  five  different  habitats 
and  found  attached  to  them  twenty-three  8i)ecie8  of  algre. 

These  dilates  and  algie,  however,  were  attached  to  beetles  in  the  water. 
When  the  beetles  leave  the  water  thes?«?  attached  organisms  are  suddenly 
transferred  from  an  aquatic  to  an  atrial  environment.  This  new  environ- 
ment dilTers  from  the  old  one  in  temperature  and  humidity.  How  long 
these  organisms  can  resist  these  changed  conditions  and  how  long  the 
beetles  stay  out  of  wiiter  are  facts  that  must  be  known  before  the  role  of 
insects  in  the  distribution  of  attached  organisms  can  be  accurately  deter- 
mined. The  fact  that  aquatic  beetles  fly  at  night  reduces  the  harmful  effect 
of  evaporation.    E\i»eriments  are  planneil  to  solve  these  problems. 

In  the  notes  on  EpiMyViHy  I  have  indicated  that  that  species  of  this 
genus  can  ivmain  out  of  water  for  some  time  without  fatal  results.  Tlio 
colony  referred  to  remaineil  on  a  slide  under  cover  In  a  room  with  low 
relative  humidity  for  more  than  fifteen  hours  without  it  being  fatal  to  all 
of  the  zoolds.  While  a  colony  of  this  species  attached  to  the  thorax  of  a 
l>eetle  making  a  nocturnal  migratory  flight  would  not  have  the  protection 
against  evaimration  of  the  two  glass  plates,  this  would  be  compensated 
in  some  degree  by  the  more  humid  and  cooler  night  air. 

That  wind  Is  responsible  for  the  distribution  of  many  protozoa  and 
rotifers  Is  a  fact  which  is  familiar  to  any  one  who  has  ever  made  a  hay 
Infusion,  The  presence  of  these  organisms  and  of  tardlgrada  In  the  pond. 
Is  probably  due  to  wind  distribution.  Just  how  far  an  organism  can  be 
transi)orted  by  wind  depends  u[>on  the  size  and  specific  gravity  of  Its  spores, 
eggs  or  cysts,  and  upon  its  power  to  resist  drying,  extreme  temperature, 
etc.    These  facts  are,  in  a  large  number  of  cases,  unknown. 

Cysts  of  Euglena  are  (*onnnon  In  nlmost  every  culture,  but  It  does  not 
follow  that  this  Is  the  form  In  which  they  are  wlnd-blowni.  Assuming  a 
constant  sjiecific  gravity,  it  is  certain  that  the  buoyancy  of  a  cyst  increases 
ns  the  reciprocal  of  its  diameter.  As  an  adaptation  to  this  law,  many 
organisms  fonn  extremely  minute  spores. 

It  is  rendered  very  probable  by  Talklns  (*07)  that  in  Amcrha  proteus 
very  minute  spores  are  forme<l.  From  his  figures  I  have  determined  the 
diameter  of  the  tertiary  nuclei  (which  with  a  bit  of  cytoplasm  are  pre- 
sumed to  form  the  spore),  to  l)e  1  //  or  less.  Comparing  these  spore  nuclei 
ill  Calkins   ('07),  Fig.  14,  with  the  amceba  figured  in  his  earlier  papers. 
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Calkins  (04),  !t  certainly  bet-oiues  evident  that  there  is  an  efficient  adapta- 
tion to  wind  distribution. 

Attention  may  be  called  to  the  analogous  transportation  of  volcanic 
dust  which  has  been  known  to  drift  round  the  world.  Volcanic  dust  has  a 
higher  specific  gravity  than  that  of  protoplasm  but,  on  the  other  hand, 
it  is  blown  to  a  very  high  altitude,  while  organic  spores  usually  start  from 
the  surface. 

The  exact  nature  of  the  8i)ore  while  in  the  air  must  be  known  before 
its  distribution  by  wind  can  be  even  approximated  by  direct  methods. 

Distribution. — Of  the  complicated  cet  of  factors  that  condition  the  ex- 
istence of  these  organisms,  only  four  can  be  discussed  at  this  time.  These 
are  level,  light,  temi)eniture  and  fond  relations.  The  chemical  composition 
of  the  water  and  Its  variations  have  not  been  determined.  The  determina- 
tion of  the  dissolved  oxygen,  carbon  dioxide  and  ammonia  will  probably 
yield  valuable  results  in  a  comparative  study  of  several  ponds. 

Level. — The  factor  that  affects  the  organisms  In  this  pond  most  vitally 
is  the  extreme  changes  In  level.  The  level  varies  from  zero  to  46  inches 
above  the  lowest  i>oInt.  So  far  as  ascertained,  its  level  has  been  reduced 
to  zero  ( I.  e.,  It  has  dried  up)  but  once  in  its  history  and  that  was  in  the 
late  summer  and  early  autumn  c»f  '08.  It  did  not  overflow  until  the  follow- 
ing March.  Fr«>m  March,  '09  to  August,  '09,  the  lowest  obser\^ed  level  was 
35}  Inches.  The  suunner  of  'OS  was  the  dryest  In  13  years  (local  records^ 
are  not  available  before  1896).  That  of  '09  was  rather  wet,  4.75  Inches  of 
rain  falling  on  July  14.  For  these  two  rather  extreme  years,  the  mlniinii 
have  been  35.5  and  0;  or  to  put  It  another  way,  the  level  has  decreased 
25%  and  100%  from  the  maximum.  This  point  will  be  discussed  more  fully 
later.  As  the  destructive  forces  gradually  elevate  the  bottom  of  the  pond, 
it  Is  probable  that  in  future  the  pond  will  go  dry  more  often.  Level  is 
determined  by  precipitation  and  evaporation.  The  extreme  variability  of 
these  factors  in  this  pond  and  similar  ones  in  this  region  is  indicated  by 
the  weather  records  of  the  Uh'h\  station  and  those  from  Indianapolis.  Rec- 
ords of  sunshine,  wind  velocity  and  relative  humidity  are  not  available  for 
any  station  nearer  than  Indianapolis  (.56  miles  distant). 

In  the  accompanying  table  I  have  compiled  all  the  diinatologicjil  datn 
available  for  this  locality. 
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Bloominoton,  Monroe  County,  Ind. — ^Elevation,  800  feet. 

Precipitatim. 


Ye'ir. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nua 1. 

1887 "... 

2.50 
1.18 

6.35 

3  35 

3.48 

1.25 

1888 

1895 

3.47 
0.90 
3.24 
2.90 
3.68 
2.06 
4.75 
5.28 
2.91 
6.10 
3.30 
4.94 
4.10 
2.05 

1896 

1897 

1.06 
3.17 
6.42 
4.06 
2.25 
2.15 
0.90 
4  44 
5.50 
3.05 
4.61 
9.74 
1.50 

2.60 
3.35 
2  15 
4.10 
3.55 
2.15 
2.50 
6.05 
4.05 
2.82 
2.05 
0.74 
7.85 

2.10 
10.63 
10.30 
4.71 
3.35 
5.42 
2.89 
4.75 
9.86 
3.30 
9.31 
6.48 
5.26 

T. 

6.02 
1.88 
1.96 
1.14 
3.81 
2.86 
4.23 
2.80 
4.81 
2.15 
3.11 
5.51 

5.12 
2.37 
3.94 
4.18 
4.79 
1.00 
4.40 
2.22 
3.67 
5.55 
2.45 
3.98 
8.91 

3.52 
6.27 
3.03 
2  34 
5.73 
4.49 
5.02 
2.55 
4.44 
2.67 
3.39 
3.79 
1  93 

7.78 
2.62 
2.69 
1.60 
3.54 
0.77 
4.19 
3.90 
2.20 
4.27 
2.30 
4.35 
1.81 

7.49 
0.59 
4.43 
1  20 
1.64 
2.63 
4.64 
5.46 
1.60 
8.05 
7.38 
3.12 
2.06 

4  16 
0.72 
7.28 
0.48 
2.64 
0.99 
4.06 
1.50 
4.84 
2  15 
2.99 
2.52 
0.83 

1.35 
1.33 
4.00 
2.91 
4.00 
4.03 
3.40 
2.70 
1.30 
7.35 
1.08 
4.80 
0.29 

4.36 
7.42 
3.13 
3.58 
3.30 
0.96 
4.51 
2.11 
1.00 
1.73 
4.90 
4.20 
2.65 

40.44 
47.73 

1898 

52.15 

1899 

34.80 

1900 

37.88 

1901 

33.14 

1902 

1903 

44.65 
42  77 

1904 

47.36 

1905 

49.05 

1906 

47.55 

1907 

50.93 

1908 

40  65 

Means. . . 

3.57 

3.59 

5.84 

3.13 

3.84 

3.78 

3.23 

3.87 

2.70 

2.96 

3.37 

3.55 

1  43.43 

1 

Average  number  of  days  with  0.01 
inch  or  more  precipitation 

Maximum  temperature 

Minimum  temperature 

Mean  temperature 
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tiurine  the  iieritid  Niiv. — June,  tlto,  levol  of  the  ]Hitul  \s  nni  rai)l<llj  in- 
duced. Se|>teiiilK'r  iiiiil  Octolwr  nre  ini  the  nvirnw  the  dryest  iDimtbB  of  the 
year.  July  nmi  Aucunt  iire  tlie  hi>tt("st.  It  Is  during  this  iwriod  (July— 
Oct.)  tlxiit  fli<-  1e\'i>l  Ik  i'ihIui'<<iI  imwtt  rii|il<lly  nuil  the  xtivsH  on  the  organltuns 
Is  most  iicnte.  In  Ihif  in-rioil  nci'iii-s  the  niiiilinuin  lu'wiiiltntion.  lowest  rela- 
tive himililit.v  iiiiil  siiiiillest  uuiiiber  of  nilny  itiiyH  (L  e,.  .01  Inch  or  more  \m- 
dpltntltJii).  the  iiiii:(liiium  leiuTK-iiitnrc  jiiid  the  Rreiilesl  sunshine  per- 
centage. .Ml  I'f  these  fiietors  leinl  tii  reiliK-e  the  level  of  pondx  by  eruiKW*- 
tlon.  The  liiwer  wind  velocity  lends  to  reduce  ihe  eviiiHiratlou  to  a  ellghi 
degree. 

The  tiuiount  of  stress  |iri>dncei1  liy  ti  re<lHctfoii  of  the  level  v«rles  lii 
different  yeiirs.  lu  thii'teen  yeiirs  of  iireclpltiitlon  records  for  BU>oiiilntt 
ton,  the  lululniuni  for  r()nr  uioiilliR,  July — (Jctoher,  whs  lu  IIWS.  TTie  uuisi 
mum  o<.-ciim-<1  In  1MH>.  In  lOOK  the  nmonnt  of  iireclpltiitlon  for  the  foui 
monthfl  wiiH  l.'M  Inches.  In  IslMi  the  inii.VMUinu  wn«  2I).7S  inches.  Tli.> 
average  for  the  entire  ililrleeu  yeiirri  for  these  inonth-i  wiis  liiifi  inches 
To  state  It  nnotlier  way:  the  iniulmnin  fur  tills  iK-rlod  was  31^-%  of  tin' 
Rvernge  nnd  2.t.rH-%  of  the  ninxlninni.  Thnt  Ir,  lietween  four  nad  five  times 
nfl  niueli  riilu  fell  dnriu);  this  )>erliHl  <>f  one  year  as  fell  ilurlns  the  siiDie 
lieriod  of  jiniitlier  yeiir.  This  Irrennliirity,  more  thnu  any  other  fnctor, 
prevents  the  fauna  of  this  |H>nd  nnil  all  hiikiII  solulion  tx>iids  from  becoin- 
lug  even  relatively  static.    In  the  larger  iwniis  the  effect  Is  leM  acute. 

The  drying  ui)  of  the  jiond  Mi  'OS  klllwl  nil  the  amphibian  larv«,  the 
corethra  lurvjt'  and  caiiKi-d  the  euilEratlon  of  some  of  Ihe  aquatic  beetles. 
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(I  am  informed  that  Dytiacus  marginalis  Limi  was  formerly  obtaiim^d  from 
this  pond  in  quantity  for  laiwratory  dissection  material.)  I  have  never 
tal^en  a  specimen  from  the  i)ond.  What  other  forms  may  have  l)een  elimi- 
nate by  this  **drjing  up,"  I  do  not  know,  because  I  be^an  to  study  it  at 
this  period. 

Not  only  were  IJie  conditions  during  this  period  of  low  level  very  dif- 
ferent from  those  precetling  it.  but.  the  conditions  after  tlie  dry  period  were 
also  very  different. 

When  the  pond  began  to  till  with  water  in  November,  'OS,  the  decaying 
anii>hibian  larvae  and  other  organic  matter  developed  conditions  favorable 
to  the  production  of  an  enormous  number  of  flagellates.  This  decaying  or- 
ganic debris  and  iK>sslbly  the  flagellates  furnished  an  Immense  amount  of 
food  for  some  of  Uie  Crustacea,  especially  CyptHdopMs  vidua  Brady.  The 
algaB  are  eaten  by  botii  the  amphibian  larvje  and  Simocephalus  vetellus. 
The  elimination  of  the  former  greatly  increased  the  food  material  of  the 
latter. 

The  dragon  fly  nymi)hs  and  possibly  Corethra  larvie  feed  on  on  both 
of  these  crustaceans.  Thus  the  conditions  at  this  iwriod  furnished  the 
Crustacea  an  enormous  food  supply  and  few  enemies.  Tlie  result  was  a  very 
great  development  of  Crustacea.  Especially  was  this  true  of  Crypridopsis 
vidua  Brady.  Since  the  winter  of  1908,  conditions  which  I  have  not  been 
able  to  determine  have  resulted  in  the  entire  elimination  of  this  form.  It 
is  evident  that  variations  in  the  level  may  result  in  the  elimination  of  a 
species  or  its  abnormal  development. 

Temperature. — The  seasonal  development  of  different  forms  as  Indi- 
cated in  the  list  and  table,  is  probably  due  directly  or  indirectly  to  changes 
in  temperature.  The  temperature  in  the  water  of  the  [)ond  varies  from 
27.8"  C  to  0  at  the  surface  (ice)  and  to  1.8°  C  at  the  bottom. 

Except  for  the  first  few  weeks  the  temperatures  were  taken  with  a 
centigrade  thermometer  graded  to  l/5ths.  The  winter  of  1008-1909  was 
fairly  open.  Ice  formecl  December  2,  lasting  until  January  20.  Ice  was 
present  the  latter  part  of  February  but  tliere  was  none  after  March  3. 
The  maximum  thickness  of  ic^  for  this  yejir  was  2.5  inches.  The  winter 
of  1909-1910  was  very  severe  f()r  this  latitude.  Ice  formed  De<*ember  7  and 
lasteil  until  March  2  and  had  a  maximum  thickness  of  9  inches  on  January 
11.  During  the  first  winter,  tlie  temi>erature  of  the  water  a  few  Inches 
under  the  ice,  varied  but  slightly  from  the  greatest  density  temperature. 
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The  lone:  period  of  low  temperature  during  the  winter  of  *09-'10  reduced 
tlie  temperature  of  the  water  appreciably. 

In  order  to  determine  the  difference  in  temperature  l)etween  the  water 
immediately  under  the  ice  and  that  near  the  Imttom,  the  following  simple 
apparatus  was  used.  A  large  mouthed  bottle  with  a  glass  stopper  was 
laced  firmly  to  a  stlclc  of  convenient  length  and  a  cord  was  tied  to  the 
stopper.  The  bottle  was  lowered  to  the  level  desired  and  the  stopper  re- 
moved by  means  of  the  cord.  The  bottle  was  thus  filled  with  water  of  ap- 
proximately the  same  temperature  as  that  8urroundlng.lt  The  ther- 
mometer was  then  lowered  Into  the  bottle  and  the  whole  apparatus  was 
made  fast  to  the  ice  for  alKiut  an  hour.  The  bottle  with  the  thermometer 
In  it  was  then  raised  and  the  reading  made.  The  error  resulting  from  this 
manipulation  was  very  slight.    The  following  readings  were  recorded : 

Jan.  11,  3  Inches  under  Ice,  2.2;  near  bottom,  3.1  C. 

Feb.     1,  near  surface,  .8;  near  bottom,  2.8  C. 

Feb.  26,  lower  surface  of  ice,  .1 ;  near  bottom,  1.3  C. 

These  data  Indicate  that  after  the  pond  is  sealed  with  ice,  the  tem- 
perature of  the  water  gradually  approaches  jiero.  This  lowering  of  the 
temperature  and  the  establishment  of  a  difference  between  the  upper  and 
lower  strata  is  due  to  surface  radiation. 

Another  condition  which  reduces  the  temperature  of  the  water  is  the 
partial  melting  of  the  ice.  As  has  been  stated,  the  pond  has  Typha  grow- 
ing in  It  near  the  edge.  The  Typha  stems  project  through  the  ice  all 
winter.  When  the  ice  begins  to  melt,  the  heat  absorbed  by  these  stems, 
melts  holes  through  the  ice  around  them.  The  pond  then  has  a  zone  of 
openings  at  its  periphery.  On  January  IS,  1910,  the  Ice  was  partially 
melted;  five  Inches  of  solid  Ice  remained.  This  was  covered  with  four 
Inches  of  water.  Tlie  holes  had  formed  around  the  Typha  stems.  A  stiff 
wind  was  blowing  from  the  west.  The  result  was  a  movement  of  water 
from  west  to  east  above  the  ice,  and  from  east  to  west  below  the  ice.  As 
the  temperature  of  the  water  above  was  approximately  that  of  melting  ice, 
its  circulation  below  the  ice  must  have  lowered  the  temperature  of  the 
water.     (See  Fig.  V.) 

Another  factor  whi<I)  may  have  a  slight  influence  on  the  temperature 
of  the  lower  strata,  is  the  decay  of  organic*  matter  which  covers  the  bot- 
tom.   This,  of  course,  goes  on  very  slowly  at  low  tcmi>eratures. 
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The  observed  maximum  (27.8°  C)  Is  pi-obably  not  the  real  maximum 
as  no  continuous  series  of  summer  teuii)eratures  was  taken^  and  the  diurnal 
change  in  temperature  was  very  great  during  the  variable  jieriods  of 
autumn  and  spring.  The  greatest  observed  variation  for  twenty-four  hours 
being  10°  C.  on  Oct  11-12. 

Temperature  above  4°  C.  does  not  seem  to  affect  the  fonus  which  are 
found  in  the  pond  throughout  the  year,  i.  e.,  beetles,  Corethra  lan-jB.  am- 
phibian larvffi,  etc.  Below  this  temi>erature,  however,  their  activity  Is  de- 
creased and  below  2°  C.  they  are  quite  passive.  For  some  time  after  the 
ice  formed  in  the  winter  of  1909-1910,  the  Corethra  larvae  could  be  found 
in  all  parts  of  the  pond.  Amphibian  larvae  came  to  the  surface  when  the 
ice  was  cut,  and  the  beetles  could  l>e  seen  crawling  on  the  Typha  stems  be^ 
neath  the  ice.  On  Jan.  11,  1910,  the  upper  layers  of  water  (three  inches 
under  the  ice)  had  a  temperature  of  2.2°  C.  The  lower  layer  (24  inches 
under  the  ice)  was  3.1°  C.  There  were  few  CTorethra  larvse  In  the  upper 
layer  and  these  were  quite  inactive.  Near  the  bottom  of  the  pond  In  the 
deepest  part,  they  were  present  in  great  numbers  and  were  much  more 
active  than  those  in  the  upper  layers.  Larvae  from  either  region  became 
more  active  when  the  temperature  was  raised.  Many  dead  larvae  were 
found  just  below  the  ice.  It  may  be  concluded  then  that  a  temi)erature  lie- 
low  4°  C.  reduces  the  activity  of  C>>r*^thra  larva*.  At  2°  they  become  quite 
passive  and  temperature  lower  than  2''  may  prove  fatal. 

Amphibian  larv^ae  were  active  and  could  be  captured  in  quantity  during 
December  and  most  of  January.  On  Feb.  1,  1910,  tlie  central,  Typha  free 
part  of  the  pond  was  carefully  dredgeil  for  amphibian  larvie  but  none  were 
captured.  Holes  were  then  cut  in  the  ice  nearer  the  margin  of  the  pond. 
Two  larv«e  were  cai>tured  ten  feet  from  the  north  end.  These  were  in  the 
debris  among  the  Typha  stems.  They  were  rarely  captured  until  the  ice 
disappeared  in  March.  On  March  .3,  the  ice  had  disapi)eared  and  the  lame 
were  much  in  evidence.  The  temperature  just  under  the  ice  on  Feb.  1  was 
.8°  C.  and  near  the  bottom  was  2.8. 

It  seems  that  the  formation  of  ice  on  the  surface  does  not  cause  a 
quiescent  stage  in  amphibian  larvae  but  a  temperature  of  about  2°  C.  does 
reduce  their  activity.  It  may  be,  in  both  these  cases,  that  it  is  the  con- 
tinued low  temperature  that  causes  these  stages  of  Inactivity.  However, 
in  the  winter  of  190S-1909,  the  water  was  not  above  4°  C.  from  Dec.  2  to 
Jan.  27  and  no  i)eriod  of  inactivity  was  observed  In  these  forms. 
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TABLE  4.     MONTHLY  AVERAGE  OF  TEMPERATURE  FOR  THE 

PERIOD  NOV.,  lJ)Oi>— APRIL,  1910. 


Month. 

Temperature  near  Surface. 

Temperature  near  Bottom. 

November 

December 

January 

13.25'  C. 
4.«  C. 
3.4*  C. 
.3 

February 

March 

2.05»  C. 

6.7«  C. 
15.4*  C. 

April 

Temperature  records  are  not  complete  for  warmer  months,  but  those 
taken  indicate  that  the  temperature  of  the  water  approximates  closely  the 
average  diurnal  temperature  of  the  air,  which  data  are  given  in  detail  on 
page  425. 

Most  of  the  aquatic  beetles  of  this  pond  hil)ernate  as  imagoes.  After 
the  freezing  weaUier  comes  they  are  to  be  found  In  the  plant  remains  that 
cover  the  bottom  of  the  i)ond.  Their  movements  are  very  slow,  and  usually 
consist  In  crawling  rather  than  swimming.  On  Jan.  l.S,  11)09,  i  inch  Ice,  5 
inches  snow,  water  temperature  2.2°  C,  a  beetle  (Tfopisternus  mixtun 
Lee.)  was  watched  for  20  minutes.  It  was  crawling  on  a  Typha  stem  and 
during  this  time  left  it  but  once,  swimming  away  a  few  inches  and  then 
returning. 

It  may  be  argued  that  this  quiescent  state  of  the  larger  forms  In  the 
pond  Is  due  to  the  reduction  In  the  amoimt  of  oxygen  rather  than  to  low 
temperature.  I  have  not  determined  tlie  amount  of  oxygen  present  during 
different  seasons  of  the  year.  However,  the  filamentous  algte  which  are 
present  all  winter  certainly  produce  some  oxygen  and  it  is  highly  probable 
that  the  Typha  stems  allow  some  gaseous  interchange  to  take  place  be- 
tween the  air  above  the  ice  and  the  water  below  It  I  have  made  the  fol- 
lowing simple  exi)eriment  with  beetles  (5  species),  Corethra  larvje,  and 
Notonecta.  Two  glass  jars  which  were  exactly  alike,  were  filled  with 
water  to  the  same  level.  An  e<iual  amount  of  Typha  stems  was  placed  In 
each.  In  one,  the  stems  were  completely  submerged,  while  in  the  other 
one,  the  end  of  each  stem  was  allowed  to  protrude  from  the  water.  An 
equal  number  of  organisms  was  intrmiuced  into  each  jar.    The  surface  of 
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tho  water  vvns  tluMi  <s)vor(Hl  with  a  mixture  of  parafflne  and  beeswax.  Th«* 
animals  in  tlio  Jar  wIumv  iIk»  sl<»ms  protruded  tlirough  the  seal  Invariably 
lived  lonj^er.  Tlu'  periods  for  ihe  beetles  were  alH>ul  1  and  ^  days  re- 
K[>e<'tively. 

LiiiUt, — The  iumd  is  Talrly  well  lit^hted  throughout  its  entire  depth 
during  the  day  eveept  when  it  is  covered  with  snow.  The  light  is  re<luced 
eonsid<»rabIy  by  the  growth  of  Typha.  Kofoid  ('04)  found  that,  with  the 
develojnnent  of  phaner<»gams  in  one  ol  the  backwater  ponds  tributary  to 
the  Illinois  Klver,  there  was  a  marked  reducthm  In  the  plankton.  Some 
(Comparative  observations  w^ere  made  on  a  inaid  about  five  miles  west  of 
this  one.  It  has  about  the  same  area  and  depth  but  there  is  no  Tyi>ha 
growing  In  It.  Although  no  quantitative  methods  were  applied,  cladoeerri. 
copepoda,  and  chlorophyceie  were  much  more  in  evidence  in  it  during  Sei.- 
teml)er,  'tiO,  timn  in  the  pond  under  discussion.  It  seems  probable  that  the 
re*luction  of  tlie  light  by  the  Typha  growth  has  resultiHl  In  fewer  siKH-ies 
and  individuals  developing  in  this  j/ond. 

On  Jan.  11,  IIKM),  tlie  ice  was  partially  meltetl.  Oi)enings  had  fornjetl 
in  the  i(*e  around  the  '^l^i^ha  stems  and  about  2i  to  3  inches  of  water  strnxl 
above  the  remaining  ice  sheet.  Cyclops  was  quite  abundant  in  this  upi)er 
layer  of  water  which  was  certainly  due  to  their  being  phototactic.  It  was 
the  only  organism  detected.  A  lowering  of  the  temperature  under  such 
conditions  would  certainly  destroy  many  individuals.  Thus  an  adaptation 
presumed  to  be  beneficial  imder  one  c\indltion  becomes  destructive  under 
certain  other  conditions. 

Food  Relations. — Regarding  the  nutrition  of  aquatic  organisms  there 
are  two  theories,  which,  although  not  mutually  exclusive,  are  essentially 
(Ufferent 

The  older  one  is  tJaat  ihe  ultimate  source  of  food  is  chlorophyl  bearinti 
plants  and  the  various  forms  ot  bacteria  which  produce  nitrates  and  ni- 
trites. The  materials  thus  elaborat^l  or  their  derivatives  are  ingested  int  i 
fo«Hl  vacuoles,  ga8trovas<'ular  si)ac€*s.  or  alimentary  tracts  of  animals,  where 
they  are  acted  on  by  secretions  of  the  animal,  reduced  to  a  solution  and 
absorbed.  This  theory  has  tHKm  assumed  by  most  zoologists  in  their  dis- 
cussions of  food  relations,  and  it  is  the  most  fundamental  assumption  In 
the  investigations  now  being  prosecuted  by  the  International  Fishery  Or- 
gaalzatlon. 
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The  second  theory  is  that  proposed  by  Piltter  ('08).  He  holds  tliai 
the  uutrltiou  of  many  aquutle  forms  Is  essentially  diflferont  from  that  of 
fand  aninmls.  lie  shows  that  \vf»ter  contains  large  amounts  of  carbon  com- 
lM>unds  \u  sohition  and  demnnsl rates  experimentally  that  this  Is  the  sonrce 
of  nutrition  for  a  sponge.  tSuhcritcs  dotnutteuJa  and  a  holothurlan  {Cu- 
ritmaria  grubci).  In  this  pai)er  and  two  8ul>sequent  ones,  he  extends  his 
theory  to  include  representatives  of  everj*  phylum  of  aquatic  animals. 

Possibly  foreseeing  the  difficulty  offered  by  the  fact  that  In  general, 
waste  comi>ounds  of  animals  are  less  complex  than  their  food,  he  sug- 
gests that  a  photoi'lienucal  process  may  take  place  in  aquatic  animals, 
analogous  to  that  of  chlorophyl  bearing  plants.  "Ob  die  gelosten  StofTe, 
die  den  niederen  Tieren  als  Nahrung  dienen,  soviet  Energie  enthalten,  dasz 
der  Abbau  durch  Spaltungen  und  Oxydationen  allein  hinreicht,  um  den 
Knerglebedarf  der  Tiere  zudecken,  oder  ol>  hler  in  einer  weiteren  Anahijrie 
mit  dem  Stoffwechsel  der  Pflanze  strahlende  Energie  aiisgenutzt  winl,  um 
durch  photochemlsche  Prozesse  aus  den  aufgenommenen  gelOsten  StotTen 
Substanzen  von  hoherem  Energiegehalt  herzustellen,  das  ist  eine  Frage  von 
so  hoher  prlnzipleller  Bedeutung,  dasz.  die  wenlgen  Erfahrungen,  die  zn 
ihrer  lOrorterung  gegenvvilrtig  beigebracht  werden  konnten,  nlcht  hin- 
relchend  zur  Entscbeidung  slnd." 

With  the  exception  of  Simocephalus  vctcJIus^  the  methods  of  Piltter 
have  not  been  applied  to  species  foimd  In  this  pond.  Wolflf,  '09,  was  able 
to  show  that  Simoaphalus  veteJlua  could  develop  in  a  medium  free  from 
nutrition  In  the  form  of  solids  (geformte  Nilhning). 

Without  denying  the  i)ossibillty  that  aquatic  animals  derive  some  food 
from  the  w^ater  by  direct  absorption  of  nutrient  solutions,  it  may  be  stated 
with  certainty  that  the  higher  animals  of  this  pond  for  the  most  part 
utilize  solid  foc»d.  This  statement  is  based  on  observations  on  feeding  and 
the  examination  of  alimentary  tracts. 

In  this  discussion  of  the  food  relations  of  these  animals,  I  shall  ignore 
Piitter's  alteniatlve.  If  It  be  subsecpiently  proven  that  the  Ingestion  of 
food  is  merely  incidental,  it  will  also  establish  tlieir  complete  indei)endences 
so  far  as  food  relations  are  concernefl. 

I  have  tried  to  express  in  the  accompanying  diagram  some  of  the  Im- 
IK>rtant  food  relations  between  the  organisms  of  the  pond.  These  relations 
are  very  complicjited  because  of  the  omniverous  habits  of  some  of  the 

[28—26988] 
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forms.  Many  of  tho  forms  deiive  tht^r  nutrition  in  part  from  the  iU*a»l 
organic*  matter  in  tlie  pond,  to  wlilcli  all  of  the  forms  contribute.  The 
ultimate  fo<Ml  sources  iii  tlie  |>ond  are  (I)  water;  (2)  earl»on  dioxide  in 
solution  in  the  water  (derlv€*d  from  the  air  al)ove  the  water) ;  (.*{)  nitro- 
jfen,  free  and  in  simple  omniKJUuds,  such  as  ammonhi ;  ( 4 )  foreign  or- 
ganisms accidentally  falling  into  the  pond,  e.  g.,  Insects.  The  formati4m  of 
nitrates  from  simple  nitrogen  comijounds  was  established  by  the  well 
known  work  of  Winogradsky  ('89).  lie  demonstrated  two  kindh  of  bac- 
teria, one  forming  nitrous  acid,  another  changing  this  to  nitric  acid  wliicb 
is  neutralized  by  carbonates  already  present.  This  process  may  be  as- 
sumed to  form  the  first  step  in  the  proteid  synthesis  in  this  pond. 

These  bacteria  and  those  present  in  the  decaying  organic  matter  of  the 
pond  are  eaten  by  the  flagellates  and  cillates*  The  ciliatee  also  u»e  the 
flagellates  for  food.  The  carbohydrates  of  this  group  are  derived  from 
the  dead  organic  matter  In  the  i>ond.  The  syntliesis  of  carbon  dioxide  and 
water  Into  carbohydrates  is  of  course  due  to  chloroi)hyl  bearing  plants. 
These  plants  c<msist  of  desmids,  diatoms,  filamentous  algie  and  phanero- 
gams. The  inclusion  of  diatoms  and  the  smaller  desmids  by  Difflugla  has 
been  demonstrated  by  obsen^ation.  Simocephalua  Is  the  only  animal  in  the 
pond  that  is  dei^endent  wholly  upon  algie  for  food.  It  may  be  aWe  to 
adapt  itself  to  some  other  food,  but  in  this  habitat  its  alimentary  canal 
contains  nothing  else.  It  has  not  t>een  demonstrated  that  any  oiganimu 
eats  the  living  Typha  plants  except  that  the  snails  sometimes  eat  the  more 
tender  shoots.  Limnodrilus  lives  among  the  roots  but  its  alimentary  tracr 
contains  rather  finely  comminuted  material,  some  of  which  is  clearly  de- 
caying plant  stems.  Cypridopais  vidua  Brady  feeds  on  the  material  which 
forms  a  slimy  layer  over  the  Typha  stems,  sticks,  etc.  Of  course,  this 
layer  Includes  some  organisms;  however,  their  inclusion  is  accidental.  I 
am  sure  they  do  not  select  algSB.  Simocephalus,  Limnodrilus  and  ostracoda 
are  eaten  by  dragon  fly  nymphs.  Naturally-  this  is  dlfiieult  to  observe  in 
the  pond.  In  order  to  eliminate  the  unnatural  Instincts  that  develop  in  an 
aquarium,  a  deep  soup  plate  was  kept  at  tlie  pond,  into  which  dragon  fly 
nymphs  and  other  forms  were  li»troduced  Immediately  on  being  taken  from 
the  pond.  The  white  backgi'ound  made  observation  easy  and  accurate, 
and  one  may  be  reasonably  sure  tliat  the  feeding  instincts  exhibited  were 
natural.  The  nymphs  experimented  with  belonged  to  the  family  Libellu- 
lld«.     The  preference  of  the  dnigon  fly  nymphs  Is  indicated  by  the  order 
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ill  which  the  forms  are  named.  LimuodrUus  Is  eaten  voraciously  by  th<' 
AvihlyHtomu  larvRi  and  by  DiemyctyluH.  Diemyctyhm  has  been  observed  a 
few  times  to  talte  Hhnocephalua, 

The  insects  that  accidentally  fall  Into  the  pond  are  captured  by  the 
GjTinidae  and  Hygroircchvs. 

The  Corethra  larvae  feed  on  ostracoda  and  possibly  other  forms  in  this 
pond.  Miall  ('95,  page  115)  says,  "Corethra  larvje  feed  upon  small  aquatic 
animals  such  as  Ephemera- larvie,  Daphnia,  or  Cypris."  The  Hydrophylida* 
feed  on  (he  decaying  organic  matter.  The  Dytiscidae  have  not  been  ol>8erve(l 
feeding  in  this  pond,  although  they  are  known  to  be  carnlverous,  Kellog?; 
('04,  p.  258).  The  larvjp  of  the  Anura  of  this  pond  are  rather  omniverons. 
They  eat  filamentous  algae,  desmids,  diatoms,  protozoa,  ostracoda  and  de- 
caying organic  material.  There  seems  to  be  very  little  If  any  discrimina- 
tion in  the  selection  of  food.  Not  all  of  the  material  eaten  contributes  to 
the  nutrition  of  these  larvae.  The  rate  of  digestion  in  cold  blooded  rerte- 
brates  has  been  shown  by  Riddle  ('09)  to  vary  directly  with  temperature. 
However,  at  ordinary  temperatures  many  organisms  i>ass  through  their 
alimentary  tracts  unchanged.  In  the  laeces  of  larvae  placed  in  tap  water, 
Oedogonium,  Cloffterium  and  Docoidium  are  common.  From  the  alimentary 
tracts  of  larvae  kept  for  5  days  in  water,  which  had  been  previously  boiled, 
have  been  taken  Eugleruif  Phacus,  Spirogyra,  Oedogonium,  Clostcrium, 
Docctdium,  The  filamentous  algae  and  Closterium  were  in  part  disinte- 
grated. The  Euglenw  were  very  active.  In  another  series  that  was  kept 
10  days,  Ostracoda  (Candona?)  were  found  alive  in  the  large  intestine  of 
six  specimens.  These  facts  indicate  that  the  nutrition  is  derived  from 
dead  organic  matter  (filamentous  alg;p  and  Closterium)  and  that  tlie  in- 
clusion of  other,  living  organisms  is  accidental. 

In  connection  with  food  relations  may  be  mentioned  the  mechanica' 
comminution  M  plant  debris.  Wiien  plants  die  in  tlie  pond,  they  stand  for 
a  time,  then  fall  on  the  surface  of  the  water  where  they  float  for  a  whih* 
and  then  sink.  During  this  porlcKl  they  are  being  softened  by  the  processes 
of  decay.  Their  comminution  is  due  to  tlie  action  of  the  Ostracoda.  es- 
pecially Cypridopsis  and  the  aquatic  Ix^tles  belonging  to  the  families  Ily- 
drophylidjB  aiul  Dytiscidie.  Tlie  s|>ecific  gravity  of  the  former  is  slightly 
greater  than  water  and  that  of  the  latter  slightly  less.  A  piece  of  floating 
plant  stem  is  covered  with  Ostracoda.  A  bit  of  the  stem  is  often  torn  off 
by  one  of  those  ostracnds.     The  ostracod  remains  attached  to  it  until  it 
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reaches  the  btkttoiii  when  It  Is  relea^^ed.  The  process  Is  reverseil  in  tlie 
case  of  the  beetles.  They  clasp  a  bit  of  sunken  plant  stem  in  order  to 
keep  them  at  the  bottom.  A  part  of  this  often  separates  and  is  carried 
toward  the  surface.  It  is  by  the  innumerable  reiJctition  of  these  processes 
that  the  mass  of  finely  comminuted  particles  at  the  bottom  of  the  pond  is 
formed- 

COMPARISON    WITH    LAKES. 

The  fundamental  difference  between  this  pond  and  a  lake  is  that  of 
dimension.  It  has  a  smaller  area  and  is  not  so  de<»i>.  A  ixnid  has  no 
abysmal  region*  but  has  S'jme  of  the  characters  of  the  littoral  and  pelagic 
regions  of  lakes.  From  this  fundamental  difference,  secondary  differences 
arise.  The  changes  in  level  affect  the  relative  depth  much  more  in  ponds 
than  in  lakes.  The  lowering  of  the  level  of  a  lake  one-half  meter  would 
not  affect  its  fauna  to  any  marked  degree,  while  the  same  difference  in 
level  occurring  in  a  pond  whose  depth  was  a  meter  or  less  would  pro- 
foundly Influence  the  organisms  inhabiting  it 

The  temperature  in  all  parts  of  the  pond  Is  near  that  of  the  atmosphere 
above  it  In  this  it  resembles  closely  the  shallow  littoral  region  of  some 
lakes,  e.  g.,  "barren  shoals"  of  Walnut  L4ike  (Haukinson,  W).  So  far  as 
observed  the  difference  in  temperature  in  different  parts  of  the  pond  at 
any  given  time  has  not  exceeded  2°  C.  It  is  practically  holothermous.  the 
thermocllne  and  associated  phenomena  are  absent. 

Forel  ('04)  has  shown  in  the  case  of  Lake  Geneva,  that  the  littoral 
region  is  one  of  variety.  This  fact  is  perfectly  familiar  to  all  students  of 
lakes.  In  the  same  lake,  one  part  of  this  region  may  be  covered  with 
rushes  (Sdrpus),  another  by  water  lilies  (\ymphca)y  another  by  Poia^mt- 
geton,  while  another  may  be  Darren  sand  or  rock  or  an  equally  barren 
marl  bed. 

An  individual  pond  lacks  this  variety.  It  is  in  this  particular  that  tliis 
pond  and  others  like  it  differ  most  from  the  littoral  region  of  lakes.  (It 
is  more  nearly  comparable  to  a  limited  section  of  a  lake  shore.)  If  Tyi)ha 
is  introduced,  it  soon  spreads  over  the  whole  area,  limiting  the  light,  ex- 
cluding other  phanerogams,  and  developing  very  uniform  conditions  over 
the  entire  pond.  If  a  pond  is  develoi>ed  on  the  side  of  a  hill  so  that  silt 
is  carried  into  it,  a  muddy,  barren  condition  exists  over  the  whole  area, 
ponds  in  the  woods  rarely  develop  aquatic  seed  plants ;  the  leaves  from  the 
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surrounding  trees  ct)ver  the  bottom  so  that  a  very  distinct  but  uniform 
eoudition  is  developed.  Besides  their  limited  area,  a  second  cause  of  this 
uniformity  is  their  sudden  formation.  During  the  siuumer  of  '08,  four 
miles  east  of  Mitchell,  Indiana,  an  ojien  sinkhole  containing  several  acres 
became  sealed.  With  the  first  rain  a  pond  with  an  area  of  aljout  one  acrt* 
was  formed.  This  is  the  typical  phenomenon  In  the  formation  of  solutioii 
ponds.  It  may  taicc  a  very  long  time  for  the  solution  cone  or  sinkhole  to 
form,  but  when  the  oi)ening  at  its  base  l)ecomes  seale<l,  the  iK>nd  reaches 
its  maximum  depth  qult^  suddenly.  The  result  Is  that  an  aquatic  habitat  is 
formed  with  no  aquatic  fauna.  The  first  forms  intro<luced  Into  a  poud  at 
this  stage  have  no  comi)etitlon  and  soon  tate  t>ossession  of  the  entire  area, 
thus  making  it  more  difficult  for  a  related  form  to  establish  itself.  An- 
other difference  between  these  ponds  and  lakes  (which  seems  to  be  due  to 
their  fundamental  difference  in  size)  is  the  paucity  of  species  In  the  former 
when  compared  with  the  latter.  It  seems  probable  that,  other  things  being 
equal,  the  larger  the  lake,  the  greater  the  variety  in  the  fauna.  Forel  ('04) 
reports  22  8i)ecie«  and  10  varieties  of  cladocera,  9  ostraccda  and  12  gastro- 
poda from  Lake  Geneva,  while  from  the  smaller  Ploner  See,  Zacharias 
('93) 'reports  20  siiecies  and  varieties  of  cladocera,  one  ostracoda  and  10  gas- 
tropoda. Burchardt  ('00)  obs<*rves  that  the  plankton  of  the  Aii»enadit*r 
See  contains  fewer  sikhMcs  than  the  VIerwaldstildtersee.  Dr.  W.  IlalbfaKs^ 
collected  from  a  numl)er  of  lakes  in  nortiiern  Germany  and  sent  the  ma- 
terial to  Zacliarias  for  examination.  The  lists  show  only  one  cladoceran 
from  Dolgensee  l>ei  Neustettin,  a  very  small  body  of  water,  while  Wilmsee, 
a  much  larger  lakelet,  contained  six.  The  faunal  list  for  any  lake  that  lm> 
been  explored  with  care,  is  much  gretiter  than  that  of  this  i)ond. 

This  is  due  to  the  uniformity  of  c»ondltlcns  that  prevails  over  tlie  en- 
tire area  of  a  given  iH>nd  at  a  i)artlcular  iK'riod,  and  to  the  fact  that  the 
pond  after  Its  formation,  changes  very  rapidly,  thus  making  it  suited  for 
a  particular  species  for  a  relatively  short  period.  If  the  siwcles  is  not 
introduced  during  tiie  period  in  which  conditions  are  adapted  to  it,  it  can 
never  de^'elop. 

In  a  lake,  conditions  are  relatively  static  and  a  large  i)er  cent  of  tiie 
forms  capable  of  developing  in  it  at  a  given  stage  in  its  history,  succ^eed  in 
reaching  it,  while  in  a  iKjnd  this  i>er  cent  Is  much  smaller.  ¥\>re\  (HH,  p. 
408)  states  tliat  the  similarity  of  the  mici'ofauna  (i.  e.,  passive  migrants) 
of  one  lake  to  that  ot  another  is  due  to  the  'reaction  reciproque  d'un  lac  a 
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rautre.'*  It  is  evident  that  this  can  occur  only  when  similar  conditions  (e. 
g.,  pelagic)  are  present  In  tlie  different  lakes.  In  lakes  this  similarity  may 
exist  in  certain  parts  during  the  major  part  of  their  existence.  In  iMinds 
the  i)eri(>d  for  this  reclprcK-al  i-eacthai  is  very  llmUed. 

Although  a  single  iK>nd  contains  relatively  few  siHH'ies,  all  the  i»onds 
In  an  area  of  several  square  miles  sliow  a  much  greater  variety. 

Many  ponds  have  been  examined  but  detailed  datii  ctmceruing  them 
have  not  yet  been  colk»cted.  However,  the  following  note  will  Illustrate 
what  is  meant.  On  Jan.  11,  1910,  pond  No.  1  P  contained  Cyclops  bkiutpi- 
datuSj  (niydorus  sphaerlcus,  CM>ridoi)sis  vidua  and  alona.  Pond  No.  2  T 
contained  Cyclops  scrru4atus,  C.  Icuckarti;  and  an  unidentified  Daphnid. 
Pond  No.  6  P  contained  a  few  Cyclops  serrulaUts  and  an  enormous  number 
of  Bosmina  coniuta.    Other  groups  of  organisms  show  an  equal  variety. 

BGIAT10N   TO   CAVE   PLANKTON. 

This  variety  in  the  fauna  of  different  ponds  has  an  Important  bearing 
upon  the  relation  of  i>ond  i)lankton  to  that  of  caves.  That  the  i^lankton 
of  the  cave  strejims  of  this  regfon  Is  derived  from  certain  of  these  iwmds 
Is  well  established.  Only  a  small  numi)er  of  the  organisms  in  any  pond 
are  able  to  withstand  the  inimical  cave  conditions.  I  have  never  found  all 
the  8i)ecies  rei)orte<l  from  the  Shawnee  Cave  stream  in  any  one  pond. 

These  facts  indicate  that  the  cave  plankton  is  a  composite  of  such  or- 
ganisms of  the  contributing  ix)nds  as  are  able  to  withstand  cave  condi- 
tions. It  is  probable  that  the  greater  the  number  of  contributing  iionds, 
the  richer  will  be  the  fauna  at  the  outlet  of  the  cave  stream. 

The  relation  of  these  solution  ponds  to  a  cave  stream  is  quite  com- 
parable to  the  relation  of  backwater  lakes,  bayous,  oxlx)w  cutoffs,  etc.,  to 
the  river  In  wiioee  valley  they  lie.  Kofoid  ('03,  p.  54(5)  states  in)ucemlng 
the  Illinois  River,  **The  planktim  indigenous  to  the  channel  itself  Is  of 
small  volume  as  cojnpared  witli  that  contributed  from  the  backwaters." 
There  Is,  however,  this  difference.  In  the  cave  the  processes  of  grmi'tli 
and  reproductlcm  are  very  much  Inhibited,  while  in  the  river  they  continue 
or  may  even  be  Increased.  Kofoid  (Ic)  has  shown  that  during  periods  or 
low  water,  the  river  may  contain  more  plankton  than  the  contributing 
waters.  This  condition  never  exists  In  cave  streams  and  obviously  never 
can  exist. 
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UNROTAF.I)   PRORT.EMS. 


This  study,  wiiilo  it  '^ivcs  a  fairly  compU'to  picture  of  a  particulnr 
pojid  and  osta!)lishos  some  general  notions  concerning  ponds  of  this  tyi>e. 
is  lo  1m>  reganled  us  o|>ening  up  a  new  ct»rner  in  tlie  field  of  fresliw«t**r 
l)iology,  ratlitT  tlian  exhausting  any  part  of  it  Tlie  fauna  of  solution  jionds 
needs  to  be  more  carefully  and  generally  exphn^eil.  The  life  history  of 
many  of  the  siKxies  is  quite  unknown.  Experimental  studies  on  the  effects 
of  varied  conditions  upon  some  of  the  organisms  are  certain  to  yield  re- 
sults. The  detiiils  of  Uie  mode  of  dispersal  are  very  imperfectly  known 
in  many  forms. 

Tlie  most  imi)ortant  general  investigation,  it  seems,  is  to  carefully 
select  a  series  of  pcmds  having  different  combinations  of  enviromnental 
factors,  i.  e.,  area,  depth,  shade,  plant  growth,  wash,  etc.,  and  to  make  a 
series  of  sinuiltanoous  observations  extending  over  at  least  one  year.  Then 
by  a  process  of  elimination,  determine  the  effect  of  these  factors. 

I  desire  to  express  my  obligations  to  Prof.  ('.  H.  Eyenniaini  and  Prof. 
Charles  Zeleny  for  their  valuable  suggestions  and  criticisms. 
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